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 10 
Abstract1 11 
Cancer is the second leading cause of mortality worldwide. The role of unresolved 12 
inflammation in cancer progression and metastasis is well established. Platelet-activating factor 13 
(PAF) is a key proinflammatory mediator in the initiation and progression of cancer. Evidence 14 
suggests that PAF is integral to the suppression of the immune system and the promotion of 15 
metastasis and tumor growth by altering the local angiogenic and cytokine networks. 16 
Interactions between PAF and its receptor may play a key role in various digestive, skin, and 17 
hormone-dependent cancers. Diet plays a critical role in the prevention of cancer and its 18 
treatment. Research indicates that the Mediterranean diet may reduce the incidence of several 19 
cancers in which dietary PAF inhibitors may in part play a role. Dietary PAF inhibitors such 20 
as polar lipids have demonstrated inhibitory effects against the physiological actions of PAF in 21 
                                                          
Abbreviations used: bFGF, basic fibroblast growth factor; CVD, cardiovascular diseases; COX, cyclooxygenases; 
ECM, extracellular matrix; ICAM, intercellular adhesion molecule; iNOS, inducible nitric oxide synthase; 
LPCAT, lysophosphatidylcholine acyltransferase; Lyso-PAF-AT, lyso-PAF-acetyltransferase; MMP, matrix 
metalloproteinase; PAF, platelet-activating factor; PAF-AH, platelet-activating factor-acetylhydrolase; PAF-
CPT, 1-alkyl-2-acetyl-sn-glycerol-cholinephosphotransferase; PAF-R, platelet-activating factor-receptor; PLA2, 
phospholipase A2; ROS, reactive oxygen species; VCAM, vascular cell adhesion molecule; VEGF, vascular 
endothelial growth factor. 
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cancer and other chronic inflammatory conditions in vitro and in vivo. In addition, experimental 22 
models of radiotherapy and chemotherapy demonstrate that inhibition of PAF as adjuvant 23 
therapy may lead to more favorable outcomes. Although promising, there is limited evidence 24 
on the potential benefits of dietary PAF inhibitors on cancer prevention or treatment. Therefore, 25 
further extensive research is required to assess the effects of various dietary factors and PAF 26 
inhibitors and to elucidate the mechanisms that play a role in preventing cancer progression 27 
and metastasis at a molecular level.  28 
 29 
Keywords: nutrition; cancer, platelet-activating factor; inflammation; metastasis; 30 
angiogenesis; phospholipids; Mediterranean diet 31 
 32 
Introduction 33 
Cancer is a major public health concern worldwide. Although cancer death rates have 34 
decreased by 26% over the last two decades (1). Despite the decline, cancer remains a major 35 
cause of mortality. At least 1 in 2 people will develop a form of cancer within their lifetime in 36 
Ireland and the UK (2, 3). Cancer is not a single disease, but a collection of related diseases 37 
that act through similar but distinctive inflammatory pathways (4). It is typically considered a 38 
disease of old age, but with increasing longevity the incidence of most cancers is increasing 39 
(5). Known risk factors fail to fully explain the patterns of cancer development. Cancers arise 40 
from the accumulation of genetic mutations, either inherited or acquired that lead to 41 
dysregulation of cell division mechanisms that induce an uncontrolled proliferation. 42 
Proliferation is accompanied by low-grade inflammation mediated by several bioactive 43 
molecules such as platelet-activating factor (PAF) that play an integral role in the tumor 44 
microenvironment, particularly in hormone-dependent cancers (6, 7).  45 
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Cells generally regulate growth through decreasing their production rate or apoptosis, 46 
but uncontrolled growth can lead to tumor development and eventually symptomatic 47 
manifestations of cancer. Generally, a healthy immune system can eradicate neoplastic cells as 48 
soon as they appear. In cancer, the immune system fails to eradicate the cancer cells and 49 
proliferative growth occurs (5). Notably lifestyle, dietary, and environmental factors account 50 
for 95% of cancers, whereas 5% account for genetic factors (8, 9). Evidently, a large proportion 51 
of cancers are preventable by diet and lifestyle modification. However, the association between 52 
nutrition and cancer is bi-directional and exceedingly complicated (5). When cancerous cells 53 
develop, nutrition may exert significant effects on the growth and involution of a tumor (5). 54 
Several studies have reported evidence of an association between individual nutrients or foods 55 
and the risk of cancer; some foods have been known to induce or protect against mutagenic 56 
effects and improve the efficiency of the immune system (5).  57 
Inflammation is a protective physiological process of the innate immune system that 58 
occurs in response to tissue injury (10). Inflammation can be induced by both acute and chronic 59 
infections, physicochemical agents, diet, and lifestyle, which are causative and promotive of 60 
cancer (11). In some cancers, inflammatory conditions precede the development of 61 
malignancy; in others, oncogenic changes drive a tumor-promoting inflammatory milieu. 62 
Regardless of the origin of inflammation, both processes aid in the proliferation and survival 63 
of malignant cells, angiogenesis, and metastasis; subverts adaptive immunity, and alters 64 
response to hormones and chemotherapeutic agents (12). Epidemiological studies have 65 
demonstrated that systemic inflammation predisposes individuals to various types of cancer 66 
(13). It is estimated that underlying infections and inflammatory responses are linked to 15–67 
20% of all cancer-related deaths globally (14). Cancer development due to systemic 68 
inflammation is triggered by several factors such as autoimmune diseases (e.g. inflammatory 69 
bowel disease is associated with colon cancer (15)), microbial infections (e.g. Helicobacter 70 
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pylori is associated with gastric mucosal lymphoma and gastric cancer (16)), and inflammatory 71 
condition of unknown origin (e.g. prostatitis is associated with prostate cancer (17)). In 72 
addition, non-steroidal anti-inflammatory treatments decrease the incidence of cancers and 73 
mortality rates (18-21).  74 
PAF is a potent proinflammatory phospholipid mediator that is implicated in the 75 
development of cancer and other inflammatory conditions such as cardiovascular disease 76 
(CVD) (22). PAF plays a major role in in angiogenesis, thrombosis, carcinogenesis, and 77 
metastasis (10, 23). However, several dietary PAF-inhibitors, particularly found in foods in the 78 
Mediterranean diet have been identified that may inhibit the physiological actions of PAF (24), 79 
thus preventing the onset of inflammatory conditions such as cancer. In this review, we explore 80 
the potential role of dietary PAF inhibitors considering the most recent literature available.  81 
 82 
Current Status of Knowledge 83 
PAF structure, function, signaling, and metabolism  84 
Phospholipid mediators including prostaglandins and PAF play a significant role in 85 
several biological pathways of inflammatory diseases, including cardiovascular disease (CVD) 86 
and cancer (25, 26). The classical PAF structure (1-O-alkyl-2-acetyl-sn-glycero-3-87 
phosphocholine; Figure 1) is a prominent member of a family of molecules known as PAF-88 
like lipids (27) that are of semi-similar or non-similar structures with similar biological 89 
activities (22, 23, 28). PAF is synthesized by various cells including neutrophils, endothelial 90 
cells, platelets, macrophages, and monocytes (10). PAF is a potent pro-inflammatory mediator 91 
that affects various cells and pathological processes (10) and is implicated in angiogenesis, 92 
thrombosis, carcinogenesis, and metastasis (10, 23). PAF and its homologous lipids molecules 93 
are specific, structurally defined ligands that exclusively bind and induce their biological 94 
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activities through a unique seven-transmembrane G-protein-coupled receptor known as the 95 
PAF-receptor (PAF-R) with exceptionally high affinity (29-31). Engagement of the PAF-R by 96 
PAF or PAF-like lipids triggers an assortment of intracellular signaling cascades. This initiates 97 
biochemical mechanisms and functional responses of PAF-R bearing cells that then initiate or 98 
amplify inflammatory processes (32). The PAF-R is expressed on the surface of various 99 
mammalian cells, including leukocytes, platelets, macrophages, and endothelial cells (33, 34). 100 
PAF induced inflammatory processes are intensely involved in the initiation and progression 101 
of various cancers (22, 23, 34, 35). Although PAF-like lipids can bind to the PAF-R and initiate 102 
downstream effects, their effects are less severe than activation by PAF itself (36). 103 
PAF can activate cells in sub-picomolar concentrations (37), thus the physiological 104 
levels of PAF are tightly regulated by the PAF metabolic enzymes. Dysregulation of PAF 105 
metabolism leads to an increase in PAF levels that exacerbates the inflammatory response. PAF 106 
is inactivated and catabolized by the removal of the acetyl-group on the sn-2 position of the 107 
phospholipid molecules by PAF-specific acetylhydrolase (PAF-AH, EC 3.1.1.47) to form lyso-108 
PAF (38). Lyso-PAF lacks the activity of PAF and it is cytotoxic in nature. Lyso-PAF is then 109 
reconverted into PAF or other phospholipids by the introduction of an acetyl or acyl group to 110 
the sn-2 position; hence, the biological cycle of PAF is spontaneously regulated (39). The PAF-111 
AH enzymes are a class of enzymes that have the capacity to indirectly terminate PAF-induced 112 
signaling pathways by directly reducing either enzymatic or oxidative upregulation of 113 
increased PAF levels (23). Thus administration of recombinant PAF-AH has exhibited 114 
beneficial effects by downregulating PAF concentrations (33, 40, 41).  115 
 The primary role of PAF in physiology is to mediate cellular function and cell-cell 116 
interactions, which are critical in both physiologic and pathologic processes (42). The role of 117 
PAF is best-characterized by its involvement in the mediation of normal inflammatory 118 
responses and the regulation, blood circulation, blood pressure and regulation of coagulation 119 
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responses (22, 42). However, is also exerts signaling functions in glycogen degradation, 120 
reproduction, fetal implantation, exocrine gland function, lung maturation, initiation of 121 
parturition, and brain function (22). PAF is synthesized by many cells on demand in response 122 
to specific stimuli, including cytokines, endotoxins, Ca2+ ionophores, and PAF itself (25). The 123 
biosynthesis of PAF is accomplished by two distinctive enzymatic processes; the de novo and 124 
the remodeling pathways (43-45). The first biosynthetic pathway is the remodeling pathway, 125 
whereby phospholipase A2 (PLA2) converts the ether analogues of phosphatidylcholine to lyso-126 
PAF, which is then acetylated to PAF by isoforms of acetyl-CoA and lyso-PAF 127 
acetyltransferases (Lyso-PAF ATs, EC 2.3.1.67), notably LPCAT1 and LPCAT2 (46, 47). 128 
Evidence suggests that the production of PAF by LPCAT2 is activated under inflammatory 129 
conditions, whereas the role of LPCAT1 is still under investigation, since it is calcium 130 
independent and does not seem to engage in inflammatory processes (47).  131 
 The second PAF biosynthetic pathway is the de novo pathway, which initiates with the 132 
acylation of 1-O-alkyl-sn-glycero-3 phosphate by the 1-O-alkyl-sn-glycero-3 phosphate acetyl-133 
CoA acyltransferase, followed by the sequential actions of a phosphohydrolase and the specific 134 
activity of dithiothreitol-insensitive CDP-choline: 1-alkyl-2-acetyl-sn-glycerol 135 
cholinephosphotransferase (PAF-CPT, EC 2.7.8.2), which incorporates CDP-choline into 1-O-136 
alkyl-2-acetyl-glycerol to form PAF (44). PAF-CPT and lyso-PAF-AT both catalyze the final 137 
steps in each biosynthetic pathway and exhibit a basic regulatory role in PAF production. It is 138 
hypothesized that the de novo pathway is responsible for endogenous PAF production to 139 
maintain physiological levels, whereas the remodeling route leads to the production of PAF in 140 
response to inflammatory stimuli and is the main pathway involved in inflammatory cascades 141 
(23, 48). A simplified schematic of the remodeling pathway is presented in Figure 2. Long-142 
term induction of PAF-CPT gradually increases systemic PAF levels with related 143 
consequences. Furthermore, PAF-CPT activity contributes to systemic inflammation and age-144 
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related malfunctions of the central nervous system and cancer (23, 49), while its inhibition has 145 
demonstrated beneficial outcomes in several chronic disorders (22, 50-52). 146 
 147 
PAF and cancer 148 
- Angiogenesis and PAF 149 
 The mechanism of angiogenesis, neoangiogenesis, and carcinogenesis is complex and 150 
not completely understood, in which PAF plays a significant role (34). Established tumors can 151 
increase in diameter by 1-2 mm, before their growth is inhibited by an insufficient nutrient and 152 
oxygen supply, therefore the tumor can remain dormant for several years due to the balance 153 
between proliferation and apoptosis. In this state, tumors are capable of further intrusion into 154 
proximal tissues where they can form neoplastic blood vessels driven by the hypoxic 155 
microenvironment. This process precedes metastasis and is known as neoangiogenesis, which 156 
is a promising target for cancer treatment (19-21, 53).  157 
Angiogenesis initiates through the activation of endothelial cells on pre-existing blood 158 
vessels by cancer cells. Chronic inflammatory manifestations facilitate endothelial activation 159 
and may induce cancer cells to secrete angiogenic factors such as PAF (23). These cancer cells 160 
produce growth factors and cytokines that link to their reciprocal receptors in the endothelium, 161 
which trigger membrane signaling pathways that stimulate the vessel. These cytokines can 162 
induce further production of PAF and expression of the PAF-R, which induces the production 163 
of more cytokines in a cyclic manner (23, 34). The activated endothelial cells also degrade the 164 
extracellular matrix (ECM) through the production of metalloproteases and serine proteases. 165 
The endothelial cells express adhesion molecules that create a microenvironment that enhances 166 
the migration and proliferation of endothelial cells from pre-existing vessels through 167 
microtubules that join the circulatory system. These newly established microtubules create a 168 
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functional tumor microenvironment that can continue to proliferate (53, 54). Adhesion 169 
molecules also cause cancer cells to attach to platelets and endothelial cells in newly 170 
synthesized blood vessels, which enables metastasis and subsequent colonization of other 171 
tissues (23, 54).  172 
 Angiogenic factors including cytokines, growth factors, and their specific receptors are 173 
implicated in the induction of tumor neoangiogenesis (55-57). However, targeting of single 174 
growth factors or their corresponding receptors has not been successful due to the ability of 175 
cancer cells to reprogram and produce other growth factors. For example, when targeting 176 
vascular endothelial growth factor (VEGF), tumors adapt by producing basic fibroblast growth 177 
factor (bFGF) instead of VEGF, which induces the proliferation and migration of endothelial 178 
cells (58). Therefore, bi-specific anti-angiogenic inhibitors have been developed that have the 179 
ability to inhibit more than one receptor, such as SU-6668 (58) or Sunitinib (59).  180 
However, endothelium activation and the cascades induced by growth factors share 181 
common pathways, which are related to the production and release of lipid mediators like PAF 182 
and arachidonate (58). When PAF is released in the tumor microenvironment it can affect the 183 
endothelial cells in an autocrine or paracrine mode, which can also affect platelets and cancer 184 
cells (23). Increased levels of circulating PAF initiates a rapid inflammatory response that 185 
results in an increased permeability of the endothelium and other significant biological 186 
responses (23), such as: 1) the increased expression of PAF-R and production of PAF by 187 
endothelial cells, platelets, and cancer cells; 2) the induction of cellular proliferation; 3) 188 
prostaglandin production via COX-2 activation; 4) expression of metalloproteases and serine 189 
proteases through the activation of the Janus tyrosine kinases (JAKs) signaling cascades and 190 
signal transducers and activators of transcription (STATs), leading to ECM degradation. These 191 
effects are crucial to the process of angiogenesis and metastasis, which are further discussed in 192 
the next section. 193 
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 194 
- PAF, Metastasis, and Cancer 195 
Several studies have indicated that PAF may be produced and PAF-R may be expressed on 196 
cell membranes of activated endothelium and/or cancer cells in the tumor microenvironment 197 
(22, 34, 49, 60-62). Cytokines and growth factors such as VEGF, FGF, and TNF-α induce PAF 198 
production (54, 63). PAF produced by these cytokines further stimulates the production of 199 
inflammatory cytokines, which promotes metastasis through activation of the NF-κB pathway 200 
via toll-like receptors (64-66). The NF-κB pathway controls the expression of pro-201 
inflammatory cytokines (TNF-α, FGF, IL-1, IL-2, and IL-6), chemokines (IL-8, MIP-1α, and 202 
MCP-1), adhesion molecules (ICAM, VCAM, and E-selectin), acute-phase proteins, immune 203 
receptors, growth factors, and inducible enzymes (VEGF, COX-2, MMPs, iNOS), which are 204 
all implicated in inflammation, angiogenesis, or in tumor cell or endothelial cell proliferation, 205 
adhesion, migration, and invasion (67). It has been reported that PAF induces NF-κB activation 206 
in intestinal epithelial cells by enhancing IκBα phosphorylation (68). Furthermore, reactive 207 
oxygen species (ROS) activate CK2 via p38, which in turn induces NF-κB activation. 208 
Subsequently, PAF, LPS, and TNF-α increase pulmonary tumor metastasis through the 209 
induction of ROS/p38/CK2/NF-κB pathway (66). The interactions and relationships between 210 
many of these inflammatory molecules and their effects in relation to PAF and cancer are 211 
presented in Figure 3.   212 
PAF overexpression correlates with malignancy of various tumors (34, 54). Elevated 213 
levels of PAF and PAF-R transcripts 1 and 2 are evident in hepatocellular carcinoma specimens 214 
in comparison to non-carcinoma specimens (69). In breast cancer, cells that express higher 215 
ability to synthesize and release PAF are more malignant with a higher capability to 216 
metastasize, which also express more PAF-R on their membranes (54). PAF may be involved 217 
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in breast cancer initiation as well as promotion by enhancing the migratory ability of cancer 218 
cells mediated via PI3-kinase and/or the Jun N-terminal kinase (JNK) pathway and is 219 
independent of the MAPK pathway (26). PAF also induces the transformation of non-220 
tumorigenic cells (26). PAF overexpression in pancreatic cancer leads to cell proliferation and 221 
tumorigenesis. It has also been shown that PAF ectopic activation of the phospholipid-222 
regulating MAPK signaling pathway via the activation of LAM TOR3 pathway, caused 223 
neoplasia in pancreatic cancer. Thus, PAF may be a biomarker for targeted therapy in 224 
pancreatic cancer (70).  225 
PAF seems to be heavily implicated in digestive cancers. Levels of PAF-AH and PLA2 226 
are elevated in patients with colon cancer (71) and elevated PAF levels have been observed in 227 
metastatic colon cancer (72, 73). Likewise, PAF-R is strongly expressed in esophageal 228 
squamous cell carcinoma, PAF-R levels are positively correlated with malignancy in 229 
esophageal squamous cell carcinoma (74), and lysophosphatidylcholine acyltransferase 1 230 
overexpression promotes oral squamous cell carcinoma progression via enhanced biosynthesis 231 
of PAF (75). Interestingly, PAF-R expression is also increased in patients with gastric 232 
adenocarcinoma, which is associated with organ metastasis. However, increased PAF-R 233 
expression was also significantly associated with higher tumor differentiation, smaller tumor 234 
size, absence of lymph nodes, and low tumor histopathological stage in adenocarcinoma 235 
patients who had significantly longer survival times compared to those with low PAF-R 236 
expression (76). These occurrences seem contradictory considering that increased PAF-R 237 
expression is correlated with malignancy in esophageal squamous cell carcinoma but smaller 238 
tumor size in gastric adenocarcinoma. However, the morphological features such as smaller 239 
tumor size etc. that correlate with high PAF-R expression are characteristic features of gastric 240 
cancer. These features are the reason that gastric cancer is considered slow and progressive 241 
(77), thus leading to longer patient survival (78); however, it is important to note that gastric 242 
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cancer is still malignant and the third leading cause of cancer-related death worldwide (77). It 243 
may also be the case that the high expression of PAF-R is also a characteristic of gastric cancer, 244 
since high expression of the PAF-R may induce apoptosis (79), thus explaining why gastric 245 
cancers are slow to develop and grow, but are still lethal as they can metastasize to other organs 246 
(77). Therefore, the expression of the PAF-R in gastric cancer may have some prognostic value, 247 
but the role of PAF and the PAF-R in digestive cancers is complex and further extensive 248 
research is necessary.  249 
PAF is present in human meningiomas where it is believed to act on tumor growth by 250 
altering the local angiogenic and/or cytokine networks as previously seen in human breast 251 
cancer and colorectal cancer (80). A recent study has indicated that PAF can alter the 252 
permeability of the blood-brain barrier (81), this may prove important for central nervous 253 
system inflammatory disorders, including cancer. PAF and PAF-R may also play a major role 254 
in prostate cancer (82).  255 
Ultraviolet (UV) radiation is the primary cause of non-melanoma skin cancer and UV 256 
exposure is implicated in the induction of melanoma, the most severe form of skin cancer. As 257 
well as being carcinogenic, UV light is immunosuppressive (83). PAF and PAF-like lipids are 258 
produced by epidermal keratinocytes in response to UVB radiation (84, 85) and are linked to 259 
systemic immune suppression (35, 86), which is a major risk factor for skin cancer 260 
development (87). Although PAF-like lipids are produced and involved in the inflammatory 261 
milieu, they possess only 10% the potency of native PAF (36). Dermal mast cell migration 262 
from the skin to the draining lymph nodes plays a crucial role in activating immune 263 
suppression. PAF produced by UV-induced keratinocytes upregulates the expression of 264 
CXCR4 on the surface of mast cells (88). In addition, PAF upregulates CXCR4 ligand 265 
expression on lymph node cells, therefore directing the mast cell migration from the skin to the 266 
draining lymph node, where mast cells secrete IL-10 and suppress the immune response (89). 267 
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PAF synthesis by keratinocytes in response to UVB radiation is enhanced by the 268 
overexpression of the PAF-R and is inhibited by PAF-R antagonists such as WEB 2086 (90). 269 
Additionally, in B16F10 murine melanoma PAF-R antagonists decreased lung metastasis (91). 270 
Therefore, inhibition of the actions of PAF by the action of PAR-R antagonists may be a 271 
therapeutic target for the prevention of some cancers.  272 
It was previously reported that PAF may not play a role in some human lung cancers 273 
(92). However, murine models have revealed that PAF-R antagonists can augment tumor 274 
growth and lung cancer metastasis in a PAF-R-dependent manner (93). Although PAF is 275 
critical in some cancers, it seems there is not conclusive evidence to suggest that PAF is 276 
implicated in all cancers, such as thyroid cancer (94). However, there is limited research 277 
regarding the role of PAF in various other cancers. Evidence for the role of PAF in various 278 
cancers is presented in Table 1.  279 
 Notably, PAF may exhibit beneficial effects on some cancer cells. For example, it was 280 
shown that the loss of the PAF-R in mice augmented PMA-induced inflammation and chemical 281 
induced carcinogenesis, indicating that the PAF-R may suppress PMA-induced inflammation 282 
and neoplastic development in response to chemically-induced carcinogenesis (95). 283 
Furthermore, elevated expression of the PAF-R can enhance cell apoptosis through the 284 
activation of NF-κB (79, 96), which is due to the dual action of the NF-κB pathway in 285 
malignancy and apoptosis through the immune response (97), which has been extensively 286 
reviewed by Tsoupras et al (23).  287 
Several conclusions can be drawn from the relationship between PAF, PAF-R, and cancer. 288 
It is unknown how PAF becomes present in the tumor environment initially. It is proposed that 289 
activated endothelial cells, leukocytes, and/or platelets may synthesize PAF, which can activate 290 
other cells to produce more PAF in a autocrine, paracrine or juxtacrine way (23). Cancer cells 291 
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themselves synthesize PAF, which may induce neighboring cells to synthesize PAF in a similar 292 
fashion (23). Therefore, as cancer cells have the autonomy to produce PAF and express PAF-293 
R on their membrane, PAF plays an integral role in cancer malignancy (34). While PAF is not 294 
the only mediator of inflammation involved in the complex inflammatory mechanisms of 295 
cancer, it is one yet to be fully explored or elucidated and deserves further attention for the 296 
development of therapeutic measures.  297 
 298 
- Types of PAF Inhibitors and Cancer 299 
Several molecules, both of synthetic (98) and natural (10) origins, have been described that 300 
demonstrate inhibitory effects against PAF-induced biological activities. These molecules act 301 
directly through antagonistic/competitive displacement of PAF in the PAF-R or through other 302 
indirect mechanisms. These indirect mechanisms have not yet been fully elucidated, however 303 
it is proposed that changes in the lipid rafts and membrane microenvironment of the PAF-R 304 
and/or the antioxidant capacity of these molecules may be responsible (10, 23). In addition, 305 
some PAF inhibitors such as dietary polar lipids demonstrate beneficial effects against PAF 306 
metabolism by downregulating PAF synthesis and upregulating PAF catabolism (22, 99, 100).  307 
Many studies have focused on synthetic PAF inhibitors that modulate PAF metabolism (52) 308 
such as Rupatadine, which is used in the treatment inflammatory conditions like allergies (101-309 
103) or cisplatin for cancer treatment (104). In addition, natural PAF-R antagonists have been 310 
described; the most well-known being ginkgolides A and B (105). Ginkgolides are a family of 311 
molecules derived from Ginkgo biloba  tree (105), which can also modulate PAF metabolism 312 
in chronic diseases (50). In cancer, ginkgolide B has exhibited beneficial effects through 313 
inhibiting tumorigenesis and angiogenesis in azoxymethane/dextran sulfate sodium induced 314 
colitis-associated cancer in mice (106), in which tumor number and load was reduced, while 315 
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serum PAF-AH activity and thus PAF catabolism was increased and VEGF expression and 316 
microvessel density decreased following treatment with Ginkgolide B. The effects of various 317 
PAF-R antagonists including BN-50730 and WEB-2170, which exhibit anti-cancer effects 318 
through their anti-PAF activities (23, 52, 107, 108) as reviewed by Tsoupras et al. (23).  319 
 320 
- Conventional Cancer Treatment and PAF-Receptor Antagonists 321 
Traditional cancer treatment involves chemotherapy and radiation treatments. To date there 322 
are no PAF or PAF-R related cancer treatments available. Many in vitro and in vivo studies 323 
indicate that the co-treatment with PAF-R antagonists and chemotherapeutic drugs may have 324 
better antineoplastic effects. It has been shown that PAF-R-dependent pathways are activated 325 
during experimental tumor growth, altering the tumor microenvironment and cause the 326 
polarization of macrophages, which favors tumor growth; combination therapy of a PAF-R 327 
antagonist (WEB2170) and a chemotherapeutic drug (dacarbazine, DTIC) reduced tumor 328 
volume in mice, and the survival of tumor-bearing animals improved when both treatments 329 
were used in combination in a murine model of melanoma (109). Another study treated a 330 
SKmel37 human melanoma cell line with cisplatin, which led to increased expression of PAF-331 
R and its accumulation. In the presence of exogenous PAF, melanoma cells were significantly 332 
more resistant to cisplatin-induced cell death. However, the use of a PAF-R antagonist 333 
WEB2086 demonstrated inhibition of PAF-R-dependent signaling pathways and exhibited 334 
chemosensitization of melanoma cells in vitro. In the same study, nude mice, that were 335 
inoculated with SKmel37 cells and treated with cisplatin and WEB2086 showed significant 336 
decreases in tumor growth compared to mice with only one treatment agent and controls. These 337 
results suggest that activation of the PAF-R pathways may support tumor survival and tumor 338 
repopulation in melanomas (110). Similarly, an in vivo study demonstrated that cisplatin 339 
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induced an increase of PAF-R expression in SKOV-3 and CAOV-3 human ovarian cancer cell 340 
lines. The upregulation of PAF-R by cisplatin correlated with a time-dependent accumulation 341 
of HIF-1α and NF-κB in the nucleus. The inhibition of PAF-R by Ginkgolide B sensitized the 342 
ovarian cells to cisplatin treatment due to the blockade of the ERK and PI3K pathways 343 
downstream of activated PAF-R. Furthermore combined treatment of ovarian cancer cells of 344 
Ginkgolide B and cisplatin reduced tumor growth (111). PAF-R antagonists may also treat 345 
intestinal mucositis as demonstrated in murine models, which is a common side effect of cancer 346 
chemotherapy (112).  347 
Radiotherapy is important for the treatment of many cancers. Ionizing radiation is used to 348 
selectively kill tumor cells and spare normal tissue. Ionizing radiation causes significant 349 
damage to a wide variety of targets in tumor cells but it mainly causes disruption to DNA and/or 350 
DNA replication or repair mechanisms, which play a major role in radiation-induced cell death 351 
(113). However, ionizing radiation can also cause the generation of ROS (114). Pro-oxidative 352 
stressors can suppress host immunity due to their ability to generate oxidized lipids and PAF-353 
R agonists. Sahu et al. have shown that radiation exposure of multiple tumor cell lines in vitro 354 
and in vivo, along with human subjects undergoing radiation therapy for skin tumors, all 355 
generate PAF-R agonists, which can induce several pro-inflammatory signaling pathways. 356 
Their structural analysis has revealed that radiation therapy leads to the non-enzymatic 357 
production of multiple oxidized glycerophosphocholines that are PAF-R agonists and PAF 358 
itself (115). In a murine melanoma tumor model, irradiation of one tumor led to alterations in 359 
non-treated tumors in a PAF-R-dependent process that could be blocked by cyclooxygenase-2 360 
inhibitor. Therefore, the occurrence of PAF-R agonists as a by-product of radiation therapy 361 
could result in treatment failure. Similar results were observed in a recent study that 362 
demonstrated that PAF-like molecules with agonistic properties are generated by radiotherapy 363 
and through their action on tumor cells protects them from radiation-induced cell death by 364 
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acting on macrophages. Such PAF-like molecules stimulate tumor growth through 365 
immunosuppression. Therefore, the association of radiotherapy with the PAF-R antagonists 366 
represents a promising strategy for improving the efficacy of radiotherapy (116). 367 
In a series of experiments by da Silva-Junior et al. (117), cervical cancer patients who 368 
underwent radiotherapy had a significantly higher expression of PAF-R. In addition, cervical 369 
cancer-derived cell lines (C33, SiHa, and HeLa) and squamous carcinoma cell lines (SCC90 370 
and SCC78) express higher levels of PAF-R mRNA and protein than immortalized 371 
keratinocytes. Gamma radiation also increased PAF-R expression and induced PAF-R ligands 372 
and prostaglandin E2 in these tumor cells. The inhibition of PAF-R activities with the 373 
antagonist CV3938 before irradiation inhibited prostaglandin E2 and increased tumor cell 374 
death. Similarly, human carcinoma cells transfected with PAF-R were more resistant to 375 
radiation compared to those lacking the receptor. prostaglandin E2 production by irradiated 376 
cells transfected with PAF-R were also inhibited by CV3988. These results show that 377 
irradiation of carcinoma cells generates PAF-R ligands and higher PAF-R expression that 378 
protects tumor cells from death and suggests that the combination of radiotherapy with PAF-R 379 
antagonists could be a promising strategy for cancer treatment.  380 
 381 
Nutrition and Cancer 382 
The links between diet and cancer have been substantiated in several epidemiological 383 
studies (118). The World Cancer Research Fund International (WCRF)/American Institute for 384 
Cancer Research (AICR) has collated and summarized published research on the relationships 385 
among cancer prevention and survivorship and diet, nutrition, and physical activity. Its Second 386 
Expert Report was published in 2007 (119) and the  WCRF/AICR have since been publishing 387 
cancer prevention research from around the world. It is clear from these reports that a healthy 388 
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diet can play a key role in the prevention of cancer. In fact, they have estimated that for the 13 389 
most common cancers, at least 29% of cases in the United States and the United Kingdom 390 
could be prevented by adhering to a healthy diet and lifestyle (120), if the research can be 391 
translated to preventive interventions, and the literature cited is valid (121).  392 
 393 
- Nutrition and Cancer Prevention – Inhibiting Inflammation  394 
Carcinogenesis is a multi-mechanism process consisting of initiation, promotion, and 395 
progression phases. Diet can affect any of these phases, but an efficacious strategy for dietary 396 
chemoprevention would be intervention during the promotion phase due to its associations with 397 
inflammation. The tumor-promotion process requires sustained exposure to agents that 398 
stimulate the growth and inhibition of apoptosis of initiated cells in the absence of anti-399 
promoters (122).  400 
A maladaptive diet and lifestyle are key modifiable risk factors for the prevention of 401 
systemic inflammation (123). The majority of tumor promoting conditions and agents, 402 
reversibly, inhibit cell-cell communication. However, antioxidants and anti-inflammatory 403 
agents are capable of ameliorating the effects of tumor promotors on cell–cell communication 404 
(122). Inflammatory mediators such as PAF are key molecules in cell-cell communication (10). 405 
Research demonstrates that many nutrients can modulate the immune response to act against 406 
cancerous cells, but not against adjacent cells (122, 124, 125). Certain dietary components have 407 
been proposed as possible PAF-R antagonists that may ameliorate PAF related neoplastic 408 
mechanisms (23). However, lifestyle factors are also important. For example, smoking directly 409 
affects metastatic disease via inhibition PAF-AH, resulting in the accumulation of PAF-like 410 
agonists and an increase in cell motility in breast cancer cells (126)  411 
 412 
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- PUFA and Polar Lipids in PAF related Cancer Prevention 413 
Many nutrients seem to possess antioxidant, anti-proliferative, and antiangiogenic 414 
properties that prevent the spread of cancer (23, 127). Several foods and supplements contain 415 
antioxidants that exhibit antineoplastic activities that function far beyond antioxidant activity 416 
alone, but also operate through direct inhibition of PAF activity and down regulation of PAF 417 
levels (23). Long chain ω3 PUFA possess multiple anti-inflammatory properties including the 418 
reduction in the synthesis of proinflammatory eicosanoids, reduction of leukocyte and platelet-419 
adhesive endothelial interactions, inhibition of inflammatory gene expression, and stimulation 420 
of glutathione production, which can decrease oxidative injury (128, 129). Immunonutritional 421 
support in cancer treatment may modulate the immune response and improve cancer patient 422 
outcomes (129); in a double-blind study, nutritional status and inflammatory markers were 423 
improved in 40 patients with stage III non-small cell lung cancer during multimodality 424 
treatment who had taken ω3 PUFA supplements (130). Evidence suggests that ω3 PUFA 425 
supplementation may be useful  in anti-cachectic therapy, and may reduce the levels of CRP 426 
and IL-6 during chemotherapy treatment of lung cancer (131). In a similar study, pancreatic 427 
cancer patients were supplemented with low doses of ω3 PUFA fish oil or marine 428 
phospholipids for six weeks. Both supplements resulted in significant weight stabilization at 429 
very low doses (300mg per day), an improved appetite, and quality of life. The phospholipid-430 
based supplement was better tolerated than the fish oil supplement. Furthermore, both 431 
supplements increased the patient’s ω3 concentration of plasma triglycerides and 432 
phospholipids (132).  433 
Similar outcomes were observed in patients with various tumors, who suffered tumor-434 
associated weight loss (133). It has been concluded that ω3 PUFA supplementation during 435 
chemotherapy improves patient outcomes related to tolerability, regardless of the 436 
chemotherapy used (134). The mechanisms by which ω3 PUFA improves patient 437 
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chemotherapy tolerability are unclear (134). Positive outcomes in patients’ health may be due 438 
to the anti-inflammatory properties of the marine phospholipids and ω3 PUFA, which have 439 
both demonstrated anti-PAF activities and whose effects have recently been reviewed (10). The 440 
benefits of marine PUFA supplements as an adjuvant to chemotherapy have been 441 
comprehensively reviewed (134, 135).  442 
Systemic inflammation is implicated in atherosclerosis (22, 123) and glomerulosclerosis 443 
(136). Since atherosclerosis and glomerulosclerosis share common features with those of 444 
cancer angiogenesis and metastasis, several molecules with pleiotropic activities such as anti-445 
atherogenic and antithrombotic molecules including warfarin, statins, vitamin D analogues, 446 
and non-steroidal anti-inflammatory molecules such as COX-2 inhibitors have demonstrated 447 
beneficial effects against cancer (137, 138). Several of these treatments exhibit inhibitory 448 
effects against the bioactivities of PAF and its biosynthetic enzymes (52). Polar lipids 449 
(phospholipids, sphingolipids, glycolipids, and phenolic lipids) that are widely distributed in 450 
foods have the capacity to inhibit the biological actions of PAF (10). These lipids are 451 
structurally specific and bind to the PAF-R directly or indirectly (10). Polar lipids extracts from 452 
marine and dairy sources (10, 99, 123, 139) have demonstrated the ability to inhibit PAF-453 
induced platelet aggregation in animal and human platelets in cardiovascular related studies. 454 
These studies investigate the potential of various food lipids to inhibit the binding of PAF to 455 
the PAF-R through direct antagonistic or competitive binding. Observing the inhibition of 456 
PAF-induced platelet aggregation by dietary polar lipids allows for the identification of PAF-457 
R antagonists. These studies identified phosphatidylcholine and phosphatidylethanolamine 458 
derivatives as the biologically active polar lipids against the actions of PAF (10, 140), which 459 
also had the ability to modulate PAF metabolism, with beneficial outcomes against 460 
atherosclerosis (10, 51, 100, 141).  461 
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Therefore, it is logical to propose that molecules that can inhibit the binding of PAF to 462 
PAF-R and its subsequent signaling pathways, may possess the same beneficial biological 463 
activities in cancer. Certainly in vitro  and in vivo studies indicate that polar lipid compounds 464 
can affect PAF metabolism (100) and have anti-proliferative effects against human ovary and 465 
colon cancer cells (142), although not all of the mechanisms are fully elucidated. In particular, 466 
phosphatidylcholine may induce apoptosis (143) and inhibit DNA synthesis in colon cancer 467 
(144).  Furthermore, polar lipids and phenolic compounds in red and white wine have also 468 
demonstrated antiproliferative effects in prostate cancer cells (PC-3) (145). These effects were 469 
attributed to their antioxidant effects, as the PAF pathway was not assessed. 470 
Dairy products are consumed in moderation in most dietary patterns. Polar lipids isolated 471 
from bovine, ovine, and caprine dairy products have exhibited potent inhibition of PAF-472 
induced platelet aggregation in vitro (146-149). Interestingly, caprine and ovine milk lipids 473 
seem to possess greater anti-PAF activity in contrast to bovine milk lipids and that fermented 474 
products may exhibit greater bioactivity (150). This is attributed to the structural differences 475 
between these polar lipids.  476 
Studies directly investigating dietary polar lipids with anti-cancer activities are limited. 477 
However, a food grade extract rich in polar lipids from the milk fat globule membrane of 478 
buttermilk were strongly antiproliferative against human ovary and colon cancer cells 479 
(OVCAR-3 and HT29) (142). Similarly, buttermilk polar lipids inhibited the growth of SW480 480 
colon cancer cells in a dose dependent-manner. This study determined that a sphingolipid 481 
fraction mainly composed of lactosylceramide downregulated growth-signaling pathways 482 
mediated by β-catenin, ERK1/2 (extracellular signal-regulated kinase), phosphorylated Akt 483 
(serine/threonine-specific protein kinase), and c-myc (151). Extensive study of sphingomyelin 484 
and related compounds confirms that they play a central role in the control of cell growth, 485 
differentiation, migration, and apoptosis and may have therapeutic value (152, 153). 486 
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Specifically, dairy derived-sphingomyelin is reported to decrease the number of aberrant foci 487 
crypts and protect against colon cancer by inhibiting tumorigenesis and increasing alk-488 
sphingomyelinase in mice fed a concentration of 0.5 g/kg over 22 weeks ad libitum (154) and 489 
the supplementation of 0.005 g/100 g sphingomyelin in the diet of CF1 mice transformed 490 
malignant adenocarcinomas to benign adenomas (155). 491 
Other murine models have shown that dietary supplementation of dairy-derived 492 
sphingomyelin may also be chemopreventative when administered before tumor induction 493 
(154, 156-159). These effects are attributed to ceramide and sphingosine phosphate, which 494 
induce apoptosis by modification of the expression of regulator genes in cancer (160, 161). The 495 
literature suggests that that sphingomyelin may be the most active polar lipid against cancer 496 
(156). Furthermore, these anti-cancer phospholipids seem to share similar compositions to 497 
those that demonstrated inhibition of PAF-induced platelet aggregation and thus the PAF 498 
inflammatory pathway (148). In particular, it has been confirmed that dairy-derived 499 
sphingolipids inhibit the binding of PAF the PAF-R in PAF platelet aggregation studies (146-500 
148). Therefore, it is possible that these molecules may also inhibit PAF-related mechanisms 501 
in cancer, as was been previously postulated (23).  502 
Polar lipids from other sources have exhibited similar effects on various cancer cell lines. 503 
For instance it has been shown that microalgae polar lipids may induce anti-proliferative effects 504 
in MCF-7 breast cancer cells (162), however a similar study of dairy polar lipids did not 505 
observe the same effects (142). This may be due to the differences in the polar lipids 506 
composition or their isolation techniques (156). The same microalgae study also demonstrated 507 
a 50% decrease in growth of hepatic cancer cells (Hep-G2) (162). In a similar in vitro study of 508 
hepatic cell lines (Alexander cell, Hep-3b, Hep-G2, and HuH-7), phosphatidylcholine isolated 509 
from egg yolk inhibited cancer cell growth. A study of the same cells in Sprague-Dawley rats 510 
administered the same polar lipid concentrates (0.05 g/100 g of diet) in an intragastric manner 511 
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over 14 weeks exhibited similar inhibition of growth (163, 164). Similarly, polar lipids may be 512 
beneficial in the treatment and prevention of pancreatic cancer (165). 513 
 Phosphatidylcholine, phosphatidylethanolamine, and sphingomyelin have displayed 514 
positive effects against metastasis in gastric cancer cells (NUGC) by decreasing migration and 515 
adhesion (166). Although not dietary, synthetic phosphatidylethanolamine has demonstrated 516 
various antiproliferative, anti-angiogenic, and anti-metastatic effects in murine renal cell 517 
carcinoma and HUVEC cells. Furthermore, in vivo results show that phosphatidylethanolamine 518 
potentially inhibits lung metastasis in nude mice, with a superior efficacy when compared to 519 
Sunitinib (167). Although not specified in these studies, it is likely that inhibition of the PAF 520 
pathway could play a role. Considering these findings, further research should address the 521 
possible role of dietary phospholipids for the prevention of neoangiogenesis, cell proliferation, 522 
and metastasis through the PAF pathways. 523 
 Other nutrients including phenolic-lipids like resveratrol, yuccaols, and 524 
epigallocatechin-3-gallate found in various foods also exhibit beneficial effects against the PAF 525 
inflammatory pathways (52, 108, 168). However, there is a lack of substantial mechanistic 526 
evidence to explain their observed effects.  527 
 The Mediterranean diet and cancer 528 
- The traditional Mediterranean diet and cancer prevention 529 
Several studies have linked the Mediterranean diet to lower risk of cardiovascular disease 530 
(169). Evidence suggests that this may extend to lower incidences of other chronic diseases 531 
mediated by inflammation including diabetes (170), cerebrovascular disease (171) cancers of 532 
the digestive system (172-175), breast cancer (176), overall types of cancer (177, 178), and 533 
premature mortality in general (179). The traditional Mediterranean diet is broadly 534 
characterized by high fruit, vegetable, legume, bread, cereal foods composed of wheat, tree 535 
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nuts, and olive oil consumption, including moderate helpings of milk and dairy products, and 536 
low intake of red meat (24). Wine is also consumed within moderation in non-Islamic regions. 537 
Coffee is considered the hot beverage of choice and is generally consumed with sugar (119). 538 
The compounds and nutrients found in the Mediterranean diet seem to exhibit bioactivities 539 
against PAF-related inflammation, cancer development, and metastasis. Detopoulou et al. 540 
(180) examined the effects of nutrition, lifestyle, and biochemical variables of 106 subjects. 541 
Dietary patterns and food constituents containing bioactive molecules were inversely related 542 
to PAF levels or its biosynthetic enzymes. It is uncertain whether this association is facilitated 543 
by the attenuation of subclinical inflammation induced by an antioxidant-rich diet or is it a 544 
direct action of antioxidants on PAF metabolism. Nevertheless, this association illustrates a 545 
potential mechanism of the diet–disease hypothesis.  546 
 It has been proposed that the Mediterranean diet may in part exert some of the observed 547 
beneficial effects through dietary PAF antagonists such as polar lipids, which reduce PAF-548 
related cascades implicated in platelet activation, aggregation, and inflammation (10, 24, 148, 549 
181, 182) as many foods of the Mediterranean diet are rich in compounds with anti-PAF 550 
biological activities (Table 2). A clinical study has demonstrated that meals high in PAF 551 
antagonists improved the platelet response of type II diabetics and healthy humans against 552 
inflammatory and prothrombotic factors (183). A similar study demonstrated that the 553 
traditional Greek Mediterranean diet can reduce platelet activity in type II diabetics and healthy 554 
volunteers due to the effects of PAF antagonists on PAF- and ADP- induced platelet 555 
aggregation (181). Although the molecular mechanisms have not been fully elucidated yet, 556 
diets that contain high levels of PAF antagonists may play a role in inhibiting the biological 557 
actions mediated by PAF, thus potentially lowering the risk of cancer. Indeed, other similar 558 
healthy dietary patterns such as the Nordic diet may also exert its beneficial effects against 559 
cancer in part via dietary PAF inhibitors and related anti-inflammatory mechanisms (184). 560 
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Furthermore, it is not clear whether the presence of other health conditions (e.g. cardiovascular 561 
diseases, obesity, etc.) in patients with cancer may compromise or improve the efficacy of 562 
dietary PAF inhibitors against PAF, and subsequently cancer; thus, further research is 563 
warranted. Some of the foods and compounds of the Mediterranean diet that exhibit these 564 
effects are summarized in Table 2.    565 
 566 
- Cancer incidence and the Mediterranean diet 567 
 A recent meta-analysis that included 83 studies assessed the adherence to the 568 
Mediterranean diet on the risk of overall cancer mortality and the risk of various cancers in a 569 
total of 2,130,753 subjects. It was found that the highest adherence score to a Mediterranean 570 
diet was inversely associated with a lower risk of cancer mortality, head and neck cancer, breast 571 
cancer, gastric cancer, liver cancer, colorectal cancer, and prostate cancer. However, the 572 
association between the adherence to the highest Mediterranean diet category and the risk of 573 
cancer mortality and cancer recurrence in survivors was not statistically significant. 574 
Furthermore, it was demonstrated that these protective effects were associated with high fruit, 575 
vegetable, and whole grain intake (185). Other studies have demonstrated similar results with 576 
varying levels of statistical strength for overall cancer and specific cancers (172, 175, 186-577 
188), in particular in southern Europe, adherence to the Mediterranean diet was associated with 578 
a 6% reduction in cancer mortality (177). It is clear that adherence to the Mediterranean diet is 579 
associated with a reduction in mortality and morbidity, which is due to the types of foods 580 
consumed and the nutrients that the diet provides and they possess anti-inflammatory 581 
bioactivities (189). Hence, the presence of nutrients that have the capacity to inhibit PAF and 582 
related inflammatory pathways may in part play a significant role in inflammation and cancer. 583 
While PAF plays a central role in several key mechanisms of cancer development and 584 
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progression, and there is a plethora of inflammatory pathways interlinked in an exceedingly 585 
complex process, it is important to note that blocking one inflammatory mediator is not a 586 
panacea.  Dietary PAF inhibitors may have the potential to prevent the physiological actions 587 
of PAF in cancer, but it must be acknowledged that this is only one of many mechanisms. The 588 
adherence to healthy dietary patterns rich in microconstituents with anti-inflammatory 589 
bioactivities such as those of the Mediterranean diet, may in part aid in impeding multiple pro-590 
inflammatory mechanisms.  591 
However, concern has been raised that the traditional Mediterranean dietary patterns 592 
are gradually becoming less common as the food supplies of the countries of the Mediterranean 593 
littoral become increasingly ‘Western’ (119). The Western diet is associated with high intake 594 
of processed food, which may lead to anywhere between 25% - 50% of total daily energy 595 
intake, which is synonymous with the U.S. (190). A recent perspective cohort study found that 596 
a 10% increase in the proportion of ultra-processed foods in the diet was associated with a 597 
significant increase greater than 10% in risks of overall cancer and breast cancer (191). 598 
Furthermore, there is evidence of a higher risk for colorectal cancer in Western societies where 599 
there is higher consumption of processed meat and red meat, although there are concerns that 600 
red meat itself unprocessed may not be negatively associated with colorectal cancer risk (192). 601 
This is in contrast to those who adhere to the Mediterranean diet that benefit with lower overall 602 
cancer mortality (193). A recent study has demonstrated that adherence to a Western style diet 603 
was related to an increased risk of breast cancer, especially in premenopausal women. Whereas, 604 
the Mediterranean diet was related to a lower risk. These observations were again attributed to 605 
a diet high in fruits, vegetables, and oily fish (175). Therefore, it is clear that the modern 606 
Mediterranean regions should adhere to their traditional dietary patterns, as Westernization 607 
may lead to an increase of chronic diseases including cancers.  608 
 609 
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Future Research Perspectives 610 
 PAF plays a central role in digestive, skin, breast, and reproductive cancers, but may 611 
not be involved in other cancers and has demonstrated attenuating effects in some cancers. 612 
Many studies have demonstrated that PAF-R antagonists may inhibit cancer growth and affect 613 
PAF metabolism in several cancers. Additionally, PAF antagonists may be useful as an 614 
adjuvant therapy for current chemotherapy and radiation treatments. Certainly, the PAF 615 
pathway is a novel target for developing cancer treatments and recently PAF was proposed as 616 
a biomarker of cancer. In light of these findings, several dietary PAF inhibitors such as polar 617 
lipids present in various components of the Mediterranean diet may affect cancer occurrence 618 
and development. Furthermore, the Mediterranean diet is associated with a lower incidence of 619 
various cancers. Many compounds of the Mediterranean diet exhibit anti-PAF activities, which 620 
may be partly responsible for some of these beneficial observations. However, these anti-621 
inflammatory mechanisms have yet to be fully elucidated and further molecular studies are 622 
required to decipher the precise mechanisms that govern PAF-induced inflammation, 623 
angiogenesis, and metastasis. Although the PAF pathway may be an attractive therapeutic 624 
target for various inflammatory diseases, it is not yet certain whether this would be 625 
advantageous to inhibit PAF in human cancer. Therefore, randomized controlled trials are 626 
required to assess the use of PAF-R antagonists as an adjuvant mode of treatment in cancer.  627 
 628 
Acknowledgements:  629 
RL, AT, and IZ all equally contributed to the manuscript. RL had the primary responsibility 630 
for the final content; All authors have read and approved the final manuscript. The authors 631 
acknowledge the continued support of the Department of Biological Sciences, University of 632 
Limerick, Ireland.  633 
27 
 Nutrition, PAF, infammation, and cancer 
 634 
References 635 
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin 636 
2018;68(1):7-30. 637 
2. Ahmad AS, Ormiston-Smith N, Sasieni PD. Trends in the lifetime risk of developing 638 
cancer in Great Britain: comparison of risk for those born from 1930 to 1960. Br J 639 
Cancer 2015;112:943. 640 
3. Irish Cancer Society. Internet: https://www.cancer.ie/about-us/media-centre/cancer-641 
statistics#sthash.vtYpQG8H.dpbs (accessed 25 April 2018 2018). 642 
4. Ardies CM. Diet, excercise and chronic disease: The biological basis of prevention. 643 
Florida: CRC Press, 2014. 644 
5. Valdés-Ramos R, Benítez-Arciniega AD. Nutrition and immunity in cancer. Br J Nutr 645 
2007;98(S1):S127-S32. 646 
6. Arias-Pulido H, Royce M, Gong Y, Joste N, Lomo L, Lee S-J, Chaher N, 647 
Verschraegen C, Lara J, Prossnitz ER, et al. GPR30 and estrogen receptor expression: 648 
new insights into hormone dependence of inflammatory breast cancer. Breast Cancer 649 
Res Treat 2010;123(1):51-8. 650 
7. Anandi L, Lahiri M. Platelet-activating factor leads to initiation and promotion of 651 
breast cancer. Cancer Cell & Microenvironment 2016;3(3). 652 
8. Irigaray P, Newby JA, Clapp R, Hardell L, Howard V, Montagnier L, Epstein S, 653 
Belpomme D. Lifestyle-related factors and environmental agents causing cancer: An 654 
overview. Biomed Pharmacother 2007;61(10):640-58. 655 
9. Anand P, Kunnumakara AB, Sundaram C, Harikumar KB, Tharakan ST, Lai OS, 656 
Sung B, Aggarwal BB. Cancer is a Preventable Disease that Requires Major Lifestyle 657 
Changes. Pharm Res 2008;25(9):2097-116. 658 
10. Lordan R, Tsoupras A, Zabetakis I. Phospholipids of animal and marine origin: 659 
Structure, function, and anti-inflammatory properties. Molecules 2017;22(11):1964. 660 
11. Perwez Hussain S, Harris CC. Inflammation and cancer: An ancient link with novel 661 
potentials. Int J Cancer 2007;121(11):2373-80. 662 
12. Hagemann T, Lawrence T. Cytokines and chemokines in inflammation and cancer. 663 
Edtion ed. In: Serhan CN, Ward PA, Gilroy DW, eds. Fundamentals of Inflammation. 664 
New York, USA: Cambridge University Press, 2010:244-51. 665 
13. Il'yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC, Satterfield S, 666 
Kritchevsky SB. Circulating levels of inflammatory markers and cancer risk in the 667 
health aging and body composition cohort. Cancer Epidemiology Biomarkers & 668 
Prevention 2005;14(10):2413-8. 669 
14. Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet 670 
2001;357(9255):539-45. 671 
15. Axelrad JE, Lichtiger S, Yajnik V. Inflammatory bowel disease and cancer: The role 672 
of inflammation, immunosuppression, and cancer treatment. World J Gastroenterol 673 
2016;22(20):4794-801. 674 
16. Plummer M, Franceschi S, Vignat J, Forman D, de Martel C. Global burden of gastric 675 
cancer attributable to Helicobacterpylori. Int J Cancer 2015;136(2):487-90. 676 
17. Strasner A, Karin M. Immune Infiltration and Prostate Cancer. Front Oncol 677 
2015;5(128). 678 
18. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature 679 
2008;454(7203):436-44. 680 
28 
 Nutrition, PAF, infammation, and cancer 
19. Chan  AT, Ogino  S, Fuchs  CS. Aspirin and the Risk of Colorectal Cancer in Relation 681 
to the Expression of COX-2. N Engl J Med 2007;356(21):2131-42. 682 
20. Fink SP, Yamauchi M, Nishihara R, Jung S, Kuchiba A, Wu K, Cho E, Giovannucci 683 
E, Fuchs CS, Ogino S, et al. Aspirin and the Risk of Colorectal Cancer in Relation to 684 
the Expression of 15-Hydroxyprostaglandin Dehydrogenase Sci Transl Med 685 
2014;6(233):233re2-re2. 686 
21. Koehne C-H, Dubois RN. COX-2 inhibition and colorectal cancer. Semin Oncol 687 
2004;31(7):12-21. 688 
22. Tsoupras A, Lordan R, Zabetakis I. Inflammation, not Cholesterol, Is a Cause of 689 
Chronic Disease. Nutrients 2018;10(5):604. 690 
23. Tsoupras AB, Iatrou C, Frangia C, Demopoulos CA. The implication of platelet-691 
activating factor in cancer growth and metastasis: potent beneficial role of PAF-692 
inhibitors and antioxidants. Infect Disord Drug Targets 2009;9(4):390-9. 693 
24. Lordan R, Nasopoulou C, Tsoupras A, Zabetakis I. The Anti-inflammatory Properties 694 
of Food Polar Lipids. Edtion ed. In: Mérillon J-M, Ramawat KG, eds. Bioactive 695 
Molecules in Food. Cham: Springer International Publishing, 2018:1-34. 696 
25. Prescott SM, Zimmerman GA, Stafforini DM, McIntyre TM. Platelet-activating factor 697 
and related lipid mediators. Annu Rev Biochem 2000;69(1):419-45. 698 
26. Anandi VL, Ashiq K, Nitheesh K, Lahiri M. Platelet-activating factor promotes 699 
motility in breast cancer cells and disrupts non-transformed breast acinar structures. 700 
Oncol Rep 2016;35(1):179-88. 701 
27. Demopoulos CA, Karantonis HC, Antonopoulou S. Platelet-activating factor — a 702 
molecular link between atherosclerosis theories. Eur J Lipid Sci Technol 703 
2003;105(11):705-16. 704 
28. Demopoulos CA, Antonopoulou S. A discovery trip to compounds with PAF-like 705 
activity. Edtion ed. Platelet-Activating Factor and Related Lipid Mediators 2: 706 
Springer, 1996:59-63. 707 
29. Prescott SM, Zimmerman GA, McIntyre TM. Platelet-activating factor. J Biol Chem 708 
1990;265(29):17381-4. 709 
30. Honda Z-i, Ishii S, Shimizu T. Platelet-activating factor receptor. J Biochem 710 
2002;131(6):773-9. 711 
31. Li W, McIntyre TM. Platelet-activating factor receptor affects food intake and body 712 
weight. Genes & Diseases 2015;2(3):255-60. 713 
32. Yost CC, Weyrich AS, Zimmerman GA. The platelet activating factor (PAF) 714 
signaling cascade in systemic inflammatory responses. Biochimie 2010;92(6):692-7. 715 
33. Stafforini DM, McIntyre TM, Zimmerman GA, Prescott SM. Platelet-Activating 716 
Factor, a Pleiotrophic Mediator of Physiological and Pathological Processes. Crit Rev 717 
Clin Lab Sci 2003;40(6):643-72. 718 
34. Salajegheh A. Platelet-Activating Factor. Edtion ed. Angiogenesis in Health, Disease 719 
and Malignancy. Cham: Springer International Publishing, 2016:253-60. 720 
35. Damiani E, Ullrich SE. Understanding the connection between platelet-activating 721 
factor, a UV-induced lipid mediator of inflammation, immune suppression and skin 722 
cancer. Prog Lipid Res 2016;63:14-27. 723 
36. Heery JM, Kozak M, Stafforini DM, Jones DA, Zimmerman GA, McIntyre TM, 724 
Prescott SM. Oxidatively modified LDL contains phospholipids with platelet-725 
activating factor-like activity and stimulates the growth of smooth muscle cells. J Clin 726 
Invest 1995;96(5):2322-30. 727 
37. Marathe GK, Prescott SM, Zimmerman GA, McIntyre TM. Oxidized LDL Contains 728 
Inflammatory PAF-Like Phospholipids. Trends Cardiovasc Med 2001;11(3):139-42. 729 
29 
 Nutrition, PAF, infammation, and cancer 
38. Stafforini DM. Biology of Platelet-activating Factor Acetylhydrolase (PAF-AH, 730 
Lipoprotein Associated Phospholipase A2). Cardiovascular Drugs Therapy 731 
2009;23(1):73-83. 732 
39. Evangelou AM. Platelet-activating factor (PAF): Implications for coronary heart and 733 
vascular diseases. Prostaglandins Leukot Essent Fatty Acids 1994;50(1):1-28. 734 
40. Karasawa K, Inoue K. Overview of PAF-degrading enzymes. Enzymes, 2015:1-22. 735 
41. Karasawa K, Harada A, Satoh N, Inoue K, Setaka M. Plasma platelet activating 736 
factor-acetylhydrolase (PAF-AH). Prog Lipid Res 2003;42(2):93-114. 737 
42. Zimmerman GA, Elstad MR, Lorant DE, McIntyre TM, Prescott SM, Topham MK, 738 
Weyrich AS, Whatley RE. Platelet-Activating Factor (PAF): Signalling and Adhesion 739 
in Cell-Cell Interactions. Edtion ed. In: Nigam S, Kunkel G, Prescott SM, eds. 740 
Platelet-Activating Factor and Related Lipid Mediators 2: Roles in Health and 741 
Disease. Boston, MA: Springer US, 1996:297-304. 742 
43. Francescangeli E, Boila A, Goracci G. Properties and Regulation of Microsomal PAF-743 
Synthesizing Enzymes in Rat Brain Cortex. Neurochem Res 2000;25(5):705-13. 744 
44. Snyder F. CDP-choline:alkylacetylglycerol cholinephosphotransferase catalyzes the 745 
final step in the de novo synthesis of platelet-activating factor1This article is 746 
dedicated to Eugene Kennedy whose earlier studies on the biosynthesis of 747 
phospholipids provided the framework that helped in elucidating some of the 748 
enzymatic pathways involving the ether-linked glycerolipids, including plasmalogens 749 
and platelet-activating factor.1. Biochim Biophys Acta 1997;1348(1):111-6. 750 
45. Snyder F. Platelet-activating factor and its analogs: metabolic pathways and related 751 
intracellular processes. Biochim Biophys Acta 1995;1254(3):231-49. 752 
46. Shindou H, Hishikawa D, Nakanishi H, Harayama T, Ishii S, Taguchi R, Shimizu T. 753 
A single enzyme catalyzes both platelet-activating factor production and membrane 754 
biogenesis of inflammatory cells: Cloning and characterization of acetyl-CoA: Lyso-755 
PAF acetyltransferase. J Biol Chem 2007;282(9):6532-9. 756 
47. Harayama T, Shindou H, Ogasawara R, Suwabe A, Shimizu T. Identification of a 757 
Novel Noninflammatory Biosynthetic Pathway of Platelet-activating Factor. J Biol 758 
Chem 2008;283(17):11097-106. 759 
48. Massey CV, Kohout TA, Gaa ST, Lederer W, Rogers T. Molecular and cellular 760 
actions of platelet-activating factor in rat heart cells. J Clin Invest 1991;88(6):2106. 761 
49. Montrucchio G, Sapino A, Bussolati B, Ghisolfi G, Rizea-Savu S, Silvestro L, Lupia 762 
E, Camussi G. Potential Angiogenic Role of Platelet-Activating Factor in Human 763 
Breast Cancer. Am J Pathol 1998;153(5):1589-96. 764 
50. Tsoupras AB, Chini M, Tsogas N, Mangafas N, Demopoulos CA, Lazanas MC. In 765 
vivo effects of a Ginkgo biloba extract on platelet activating factor metabolism in two 766 
asymptomatic HIV-infected patients. Eur J Inflamm 2011;9(2):107-16. 767 
51. Nasopoulou C, Tsoupras AB, Karantonis HC, Demopoulos CA, Zabetakis I. Fish 768 
polar lipids retard atherosclerosis in rabbits by down-regulating PAF biosynthesis and 769 
up-regulating PAF catabolism. Lipids Health Dis 2011;10(213):1-18. 770 
52. Tsoupras AB, Fragopoulou E, Nomikos T, Iatrou C, Antonopoulou S, Demopoulos 771 
CA. Characterization of the de novo biosynthetic enzyme of platelet activating factor, 772 
DDT-insensitive cholinephosphotransferase, of human mesangial cells. Mediators 773 
Inflamm 2007;2007. 774 
53. Bloemendal HJ, Logtenberg T, Voest EE. New strategies in anti-vascular cancer 775 
therapy. Eur J Clin Invest 1999;29:802-9. 776 
54. Bussolati B, Biancone L, Cassoni P, Russo S, Rola-Pleszczynski M, Montrucchio G, 777 
Camussi G. PAF produced by human breast cancer cells promotes migration and 778 
proliferation of tumor cells and neo-angiogenesis. Am J Pathol 2000;157(5):1713-25. 779 
30 
 Nutrition, PAF, infammation, and cancer 
55. Mannori G, Barletta E, Mugnai G, Ruggieri S. Interaction of tumor cells with vascular 780 
endothelia: Role of platelet-activating factor. Clin Exp Metastasis 2000;18(1):89-96. 781 
56. Melnikova V, Bar-Eli M. Inflammation and melanoma growth and metastasis: The 782 
role of platelet-activating factor (PAF) and its receptor. Cancer and Metastasis Rev 783 
2007;26(3):359. 784 
57. Melnikova VO, Bar‐Eli M. Inflammation and melanoma metastasis. Pigment Cell 785 
Melanoma Res 2009;22(3):257-67. 786 
58. Robert EG, Hunt JD. Lipid messengers as targets for antiangiogenic therapy. Curr 787 
Pharm Des 2001;7(16):1615-26. 788 
59. Roskoski R. Sunitinib: A VEGF and PDGF receptor protein kinase and angiogenesis 789 
inhibitor. Biochem Biophys Res Commun 2007;356(2):323-8. 790 
60. Ishii S, Nagase T, Tashiro F, Ikuta K, Sato S, Waga I, Kume K, Miyazaki Ji, Shimizu 791 
T. Bronchial hyperreactivity, increased endotoxin lethality and melanocytic 792 
tumorigenesis in transgenic mice overexpressing platelet‐activating factor receptor. 793 
EMBO J 1997;16(1):133-42. 794 
61. Camussi G, Montrucchio G, Lupia E, De Martino A, Perona L, Arese M, Vercellone 795 
A, Toniolo A, Bussolino F. Platelet-activating factor directly stimulates in vitro 796 
migration of endothelial cells and promotes in vivo angiogenesis by a heparin-797 
dependent mechanism. J Immunol 1995;154(12):6492-501. 798 
62. Sobhani I, Denizot Y, Moizo L, Laigneau JP, Bado A, Laboisse C, Benveniste J, 799 
Lewin MJM. Regulation of platelet-activating factor production in gastric epithelial 800 
cells. Eur J Clin Invest 1996;26(1):53-8. 801 
63. Fallani A, Grieco B, Barletta E, Mugnai G, Giorgi G, Salvini L, Ruggieri S. Synthesis 802 
of platelet-activating factor (PAF) in transformed cell lines of a different origin. 803 
Prostaglandins Other Lipid Mediat 2002;70(1):209-26. 804 
64. Heon Seo K, Ko H-M, Kim H-A, Choi J-H, Jun Park S, Kim K-J, Lee H-K, Im S-Y. 805 
Platelet-Activating Factor Induces Up-regulation of Antiapoptotic Factors in a 806 
Melanoma Cell Line through Nuclear Factor-κB Activation. Cancer Res 807 
2006;66(9):4681-6. 808 
65. Ko H-M, Seo KH, Han S-J, Ahn KY, Choi I-H, Koh GY, Lee H-K, Ra MS, Im S-Y. 809 
Nuclear Factor κB Dependency of Platelet-activating Factor-induced Angiogenesis. 810 
Cancer Res 2002;62(6):1809-14. 811 
66. Kim K-J, Cho K-D, Jang KY, Kim H-A, Kim H-K, Lee H-K, Im S-Y. Platelet-812 
activating factor enhances tumour metastasis via the reactive oxygen species-813 
dependent protein kinase casein kinase 2-mediated nuclear factor-κB activation. 814 
Immunology 2014;143(1):21-32. 815 
67. Nam N-H. Naturally occurring NF-κB inhibitors. Mini Rev Med Chem 816 
2006;6(8):945-51. 817 
68. Borthakur A, Bhattacharyya S, Alrefai WA, Tobacman JK, Ramaswamy K, Dudeja 818 
PK. Platelet-activating factor-induced NF-κB activation and IL-8 production in 819 
intestinal epithelial cells are Bcl10-dependent. Inflamm Bowel Dis 2009;16(4):593-820 
603. 821 
69. Mathonnet M, Descottes B, Valleix D, Truffinet V, Labrousse F, Denizot Y. Platelet-822 
activating factor in cirrhotic liver and hepatocellular carcinoma. World J 823 
Gastroenterol 2006;12(17):2773-8. 824 
70. Karandish F, Mallik S. Biomarkers and Targeted Therapy in Pancreatic Cancer. 825 
Biomark Cancer 2016;8s1:BIC.S34414. 826 
71. Denizot Y, Truffinet V, Bouvier S, Gainant A, Cubertafond P, Mathonnet M. 827 
Elevated plasma phospholipase A2 and platelet-activating factor acetylhydrolase 828 
activity in colorectal cancer. Mediators Inflamm 2004;13(1):53-4. 829 
31 
 Nutrition, PAF, infammation, and cancer 
72. Denizot Y, Descottes B, Truffinet V, Valleix D, Labrousse F, Mathonnet M. Platelet-830 
activating factor and liver metastasis of colorectal cancer. Int J Cancer 831 
2005;113(3):503-5. 832 
73. Denizot Y, Gainant A, Guglielmi L, Bouvier S, Cubertafond P, Mathonnet M. Tissue 833 
concentrations of platelet-activating factor in colorectal carcinoma: inverse 834 
relationships with Dukes' stage of patients. Oncogene 2003;22(46):7222. 835 
74. Chen J, Lan T, Zhang W, Dong L, Kang N, Zhang S, Fu M, Liu B, Liu K, Zhang C, et 836 
al. Platelet-activating factor receptor-mediated PI3K/AKT activation contributes to 837 
the malignant development of esophageal squamous cell carcinoma. Oncogene 838 
2015;34:5114. 839 
75. Shida-Sakazume T, Endo-Sakamoto Y, Unozawa M, Fukumoto C, Shimada K, 840 
Kasamatsu A, Ogawara K, Yokoe H, Shiiba M, Tanzawa H, et al. 841 
Lysophosphatidylcholine Acyltransferase1 Overexpression Promotes Oral Squamous 842 
Cell Carcinoma Progression via Enhanced Biosynthesis of Platelet-Activating Factor. 843 
PLoS One 2015;10(3):e0120143. 844 
76. Giaginis C, Kourou E, Giagini A, Goutas N, Patsouris E, Kouraklis G, Theocharis S. 845 
Platelet-activating factor (PAF) receptor expression is associated with 846 
histopathological stage and grade and patients' survival in gastric adenocarcinoma. 847 
Neoplasma 2014;61(3):309-17. 848 
77. Rugge M, Fassan M, Graham DY. Epidemiology of Gastric Cancer. Edtion ed. In: 849 
Strong VE, ed. Gastric Cancer: Principles and Practice. Cham: Springer International 850 
Publishing, 2015:23-34. 851 
78. Im WJ, Kim MG, Ha TK, Kwon SJ. Tumor Size as a Prognostic Factor in Gastric 852 
Cancer Patient. J Gastric Cancer 2012;12(3):164-72. 853 
79. Darst M, Al-Hassani M, Li T, Yi Q, Travers JM, Lewis DA, Travers JB. 854 
Augmentation of Chemotherapy-Induced Cytokine Production by Expression of the 855 
Platelet-Activating Factor Receptor in a Human Epithelial Carcinoma Cell Line. J 856 
Immunol 2004;172(10):6330-5. 857 
80. Denizot Y, De Armas R, Caire F, Pommepuy I, Truffinet V, Labrousse F. Platelet‐858 
activating factor and human meningiomas. Neuropathol Appl Neurobiol 859 
2006;32(6):674-8. 860 
81. Brailoiu E, Barlow CL, Ramirez SH, Abood ME, Brailoiu GC. Effects of Platelet-861 
Activating Factor on Brain Microvascular Endothelial Cells. Neuroscience 862 
2018;377:105-13. 863 
82. Ji W, Chen J, Mi Y, Wang G, Xu X, Wang W. Platelet-activating factor receptor 864 
activation promotes prostate cancer cell growth, invasion and metastasis via ERK1/2 865 
pathway. Int J Oncol 2016;49(1):181-8. 866 
83. Sreevidya CS, Fukunaga A, Khaskhely NM, Masaki T, Ono R, Nishigori C, Ullrich 867 
SE. Agents that reverse UV-induced immune suppression and photocarcinogenesis 868 
affect DNA repair. J Invest Dermatol 2010;130(5):1428-37. 869 
84. Marathe GK, Johnson C, Billings SD, Southall MD, Pei Y, Spandau D, Murphy RC, 870 
Zimmerman GA, McIntyre TM, Travers JB. Ultraviolet B radiation generates platelet-871 
activating factor-like phospholipids underlying cutaneous damage. J Biol Chem 872 
2005;280(42):35448-57. 873 
85. Travers JB, Berry D, Yao Y, Yi Q, Konger RL, Travers JB. Ultraviolet B Radiation of 874 
Human Skin Generates Platelet‐activating Factor Receptor Agonists. Photochem 875 
Photobiol 2010;86(4):949-54. 876 
86. Walterscheid JP, Ullrich SE, Nghiem DX. Platelet-activating factor, a molecular 877 
sensor for cellular damage, activates systemic immune suppression. J Exp Med 878 
2002;195(2):171-9. 879 
32 
 Nutrition, PAF, infammation, and cancer 
87. Yoshikawa T, Rae V, Bruins-Slot W, van den Berg J-W, Taylor JR, Streilein JW. 880 
Susceptibility to Effects of UVB Radiation on Induction of Contact Hypersensitivity 881 
as a Risk Factor for Skin Cancer in Humans. J Invest Dermatol 1990;95(5):530-6. 882 
88. Chacón-Salinas R, Chen L, Chávez-Blanco AD, Limón-Flores AY, Ma Y, Ullrich SE. 883 
An essential role for platelet-activating factor in activating mast cell migration 884 
following ultraviolet irradiation. J Leukoc Biol 2014;95(1):139-48. 885 
89. Chacón-Salinas R, Limón-Flores AY, Chávez-Blanco AD, Gonzalez-Estrada A, 886 
Ullrich SE. Mast Cell-Derived IL-10 Suppresses Germinal Center Formation by 887 
Affecting T Follicular Helper Cell Function. J Immunol 2011;186(1):25-31. 888 
90. Barber LA, Spandau DF, Rathman SC, Murphy RC, Johnson CA, Kelley SW, 889 
Hurwitz SA, Travers JB. Expression of the Platelet-activating Factor Receptor Results 890 
in Enhanced Ultraviolet B Radiation-induced Apoptosis in a Human Epidermal Cell 891 
Line. J Biol Chem 1998;273(30):18891-7. 892 
91. Im S-Y, Ko H-M, Ko Y-S, Kim J-W, Lee H-K, Ha T-Y, Lee HB, Oh S-J, Bai S, 893 
Chung K-C, et al. Augmentation of Tumor Metastasis by Platelet-activating Factor. 894 
Cancer Res 1996;56(11):2662-5. 895 
92. Denizot Y, Desplat V, Drouet M, Bertin F, Melloni B. Is there a role of platelet-896 
activating factor in human lung cancer? Lung Cancer 2001;33(2):195-202. 897 
93. Hackler PC, Reuss S, Konger RL, Travers JB, Sahu RP. Systemic Platelet-activating 898 
Factor Receptor Activation Augments Experimental Lung Tumor Growth and 899 
Metastasis. Cancer Growth Metastasis 2014;7:CGM.S14501. 900 
94. Denizot Y, Chianéa T, Labrousse F, Truffinet V, Delage M, Mathonnet M. Platelet-901 
activating factor and human thyroid cancer. Eur J Endocrinol 2005;153(1):31-40. 902 
95. Sahu RP, Kozman AA, Yao Y, DaSilva SC, Rezania S, Martel KC, Warren SJ, 903 
Travers JB, Konger RL. Loss of the platelet activating factor receptor in mice 904 
augments PMA-induced inflammation and cutaneous chemical carcinogenesis. 905 
Carcinogenesis 2012;33(3):694-701. 906 
96. Liu L-R, Xia S-H. Role of platelet-activating factor in pathogenesis of acute 907 
pancreatitis. World J Gastroenterol 2006;12(4):539-45. 908 
97. Shishodia S, Aggarwal BB. Nuclear factor-κB: a friend or a foe in cancer? Biochem 909 
Pharmacol 2004;68(6):1071-80. 910 
98. Papakonstantinou VD, Lagopati N, Tsilibary EC, Demopoulos CA, Philippopoulos 911 
AI. A Review on Platelet Activating Factor Inhibitors: Could a New Class of Potent 912 
Metal-Based Anti-Inflammatory Drugs Induce Anticancer Properties? Bioinorg Chem 913 
Appl 2017;2017. 914 
99. Argyrou C, Vlachogianni I, Stamatakis G, Demopoulos CA, Antonopoulou S, 915 
Fragopoulou E. Postprandial effects of wine consumption on Platelet Activating 916 
Factor metabolic enzymes. Prostaglandins Other Lipid Mediat 2017. 917 
100. Xanthopoulou MN, Asimakopoulos D, Antonopoulou S, Demopoulos CA, 918 
Fragopoulou E. Effect of Robola and Cabernet Sauvignon extracts on platelet 919 
activating factor enzymes activity on U937 cells. Food Chem 2014;165:50-9. 920 
101. Merlos M, Giral M, Balsa D, Ferrando R, Queralt M, Puigdemont A, Garcı́a-Rafanell 921 
J, Forn J. Rupatadine, a new potent, orally active dual antagonist of histamine and 922 
platelet-activating factor (PAF). J Pharmacol Exp Ther 1997;280(1):114-21. 923 
102. Izquierdo I, Merlos M, Garcia-Rafanell JR. A new selective histamine H1 receptor 924 
and platelet-activating factor (PAF) antagonist. A review of pharmacological profile 925 
and clinical management of allergic rhinitis. Drugs of Today 2003;39(6):451-68. 926 
103. Picado C. Rupatadine: pharmacological profile and its use in the treatment of allergic 927 
disorders. Expert Opin Pharmacother 2006;7(14):1989-2001. 928 
33 
 Nutrition, PAF, infammation, and cancer 
104. Tsoupras AB, Papakyriakou A, Demopoulos CA, Philippopoulos AI. Synthesis, 929 
biochemical evaluation and molecular modeling studies of novel rhodium complexes 930 
with nanomolar activity against Platelet Activating Factor. J Inorg Biochem 931 
2013;120:63-73. 932 
105. Singh P, Singh IN, Mondal SC, Singh L, Garg VK. Platelet-activating factor (PAF)-933 
antagonists of natural origin. Fitoterapia 2013;84:180-201. 934 
106. Sun L, He Z, Ke J, Li S, Wu X, Lian L, He X, He X, Hu J, Zou Y, et al. PAF receptor 935 
antagonist Ginkgolide B inhibits tumourigenesis and angiogenesis in colitis-936 
associated cancer. Int J Clin Exp Pathol 2015;8(1):432-40. 937 
107. Barthomeuf C, Lamy S, Blanchette M, Boivin D, Gingras D, Béliveau R. Inhibition of 938 
sphingosine-1-phosphate- and vascular endothelial growth factor-induced endothelial 939 
cell chemotaxis by red grape skin polyphenols correlates with a decrease in early 940 
platelet-activating factor synthesis. Free Radic Biol Med 2006;40(4):581-90. 941 
108. Balestrieri C, Felice F, Piacente S, Pizza C, Montoro P, Oleszek W, Visciano V, 942 
Balestrieri ML. Relative effects of phenolic constituents from Yucca schidigera 943 
Roezl. bark on Kaposi's sarcoma cell proliferation, migration, and PAF synthesis. 944 
Biochem Pharmacol 2006;71(10):1479-87. 945 
109. de Oliveira SI, Andrade LN, Onuchic AC, Nonogaki S, Fernandes PD, Pinheiro MC, 946 
Rohde CB, Chammas R, Jancar S. Platelet-activating factor receptor (PAF-R)-947 
dependent pathways control tumour growth and tumour response to chemotherapy. 948 
BMC Cancer 2010;10(1):200. 949 
110. Onuchic AC, Machado CM, Saito RF, Rios FJ, Jancar S, Chammas R. Expression of 950 
PAFR as part of a prosurvival response to chemotherapy: a novel target for 951 
combination therapy in melanoma. Mediators Inflamm 2012;2012. 952 
111. Yu Y, Zhang X, Hong S, Zhang M, Cai Q, Zhang M, Jiang W, Xu C. The expression 953 
of platelet-activating factor receptor modulates the cisplatin sensitivity of ovarian 954 
cancer cells: a novel target for combination therapy. Br J Cancer 2014;111:515. 955 
112. Soares PMG, Lima-Junior RCP, Mota JMSC, Justino PFC, Brito GAC, Ribeiro RA, 956 
Cunha FQ, Souza MHLP. Role of platelet-activating factor in the pathogenesis of 5-957 
fluorouracil-induced intestinal mucositis in mice. Cancer Chemother Pharmacol 958 
2011;68(3):713-20. 959 
113. Vikram B, Coleman CN, Deye JA. Current status and future potential of advanced 960 
technologies in radiation oncology. Part 2. State of the science by anatomic site. 961 
Oncology 2009;23(4):380-. 962 
114. Yamamori T, Yasui H, Yamazumi M, Wada Y, Nakamura Y, Nakamura H, Inanami 963 
O. Ionizing radiation induces mitochondrial reactive oxygen species production 964 
accompanied by upregulation of mitochondrial electron transport chain function and 965 
mitochondrial content under control of the cell cycle checkpoint. Free Radic Biol Med 966 
2012;53(2):260-70. 967 
115. Sahu RP, Harrison KA, Weyerbacher J, Murphy RC, Konger RL, Garrett JE, Chin-968 
Sinex HJ, Johnston ME, Dynlacht JR, Mendonca M, et al. Radiation therapy 969 
generates platelet-activating factor agonists. Oncotarget 2016;7(15):20788-800. 970 
116. da Silva-Jr I, Chammas R, Lepique A, Jancar S. Platelet-activating factor (PAF) 971 
receptor as a promising target for cancer cell repopulation after radiotherapy. 972 
Oncogenesis 2017;6(1):e296. 973 
117. da Silva-Junior IA, Dalmaso B, Herbster S, Lepique AP, Jancar S. Platelet-Activating 974 
Factor Receptor Ligands Protect Tumor Cells from Radiation-Induced Cell Death. 975 
Front Oncol 2018;8(10). 976 
118. Bingham S, Riboli E. Diet and cancer — the European Prospective Investigation into 977 
Cancer and Nutrition. Nature Rev Cancer 2004;4:206. 978 
34 
 Nutrition, PAF, infammation, and cancer 
119. World Cancer Research Fund, American Institute for Cancer Research. Food, 979 
nutrition, physical activity, and the prevention of cancer: a global perspective. 980 
American Institute for Cancer Research, 2007. 981 
120. World Cancer Research Fund. Internet: https://www.wcrf.org/int/cancer-facts-982 
figures/preventability-estimates/cancer-preventability-estimates-diet-nutrition. 983 
121. Theodoratou E, Timofeeva M, Li X, Meng X, Ioannidis JPA. Nature, Nurture, and 984 
Cancer Risks: Genetic and Nutritional Contributions to Cancer. Annu Rev Nutr 985 
2017;37(1):293-320. 986 
122. Trosko JE. Dietary Modulation of the Multistage, Multimechanisms of Human 987 
Carcinogenesis: Effects on Initiated Stem Cells and Cell–Cell Communication. Nutr 988 
Cancer 2006;54(1):102-10. 989 
123. Lordan R, Zabetakis I. Invited review: The anti-inflammatory properties of dairy 990 
lipids. J Dairy Sci 2017;100(6):4197 - 212  991 
124. Philpott M, Ferguson LR. Immunonutrition and cancer. Mutation 992 
Research/Fundamental and Molecular Mechanisms of Mutagenesis 2004;551(1):29-993 
42. 994 
125. Ferguson LR, Philpott M. Cancer prevention by dietary bioactive components that 995 
target the immune response. Curr Cancer Drug Targets 2007;7(5):459-64. 996 
126. Kispert S, Marentette J, McHowat J. Cigarette smoke induces cell motility via 997 
platelet‐activating factor accumulation in breast cancer cells: a potential mechanism 998 
for metastatic disease. Physiological reports 2015;3(3). 999 
127. Huang M-T, Ferraro T. Phenolic Compounds in Food and Cancer Prevention. Edtion 1000 
ed. Phenolic Compounds in Food and Their Effects on Health II: American Chemical 1001 
Society, 1992:8-34. 1002 
128. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, Fearon K, 1003 
Hütterer E, Isenring E, Kaasa S, et al. ESPEN guidelines on nutrition in cancer 1004 
patients. Clin Nutr 2017;36(1):11-48. 1005 
129. Prieto I, Montemuiño S, Luna J, de Torres MV, Amaya E. The role of 1006 
immunonutritional support in cancer treatment: Current evidence. Clin Nutr 1007 
2017;36(6):1457-64. 1008 
130. van der Meij BS, Langius JAE, Smit EF, Spreeuwenberg MD, von Blomberg BME, 1009 
Heijboer AC, Paul MA, van Leeuwen PAM. Oral Nutritional Supplements Containing 1010 
(n-3) Polyunsaturated Fatty Acids Affect the Nutritional Status of Patients with Stage 1011 
III Non-Small Cell Lung Cancer during Multimodality Treatment. J Nutr 1012 
2010;140(10):1774-80. 1013 
131. Finocchiaro C, Segre O, Fadda M, Monge T, Scigliano M, Schena M, Tinivella M, 1014 
Tiozzo E, Catalano MG, Pugliese M, et al. Effect of n-3 fatty acids on patients with 1015 
advanced lung cancer: a double-blind, placebo-controlled study. Br J Nutr 1016 
2011;108(2):327-33. 1017 
132. Werner K, Küllenberg de Gaudry D, Taylor LA, Keck T, Unger C, Hopt UT, Massing 1018 
U. Dietary supplementation with n-3-fatty acids in patients with pancreatic cancer and 1019 
cachexia: marine phospholipids versus fish oil - a randomized controlled double-blind 1020 
trial. Lipids Health Dis 2017;16(1):104. 1021 
133. Taylor LA, Pletschen L, Arends J, Unger C, Massing U. Marine phospholipids—a 1022 
promising new dietary approach to tumor-associated weight loss. Support Care 1023 
Cancer 2009;18(2):159. 1024 
134. Morland SL, Martins KJB, Mazurak VC. n-3 polyunsaturated fatty acid 1025 
supplementation during cancer chemotherapy. J Nutr Intermediary Metab 2016;5:107-1026 
16. 1027 
35 
 Nutrition, PAF, infammation, and cancer 
135. Vaughan VC, Hassing MR, Lewandowski PA. Marine polyunsaturated fatty acids and 1028 
cancer therapy. Br J Cancer 2013;108:486. 1029 
136. Reznichenko A, Korstanje R. The Role of Platelet-Activating Factor in Mesangial 1030 
Pathophysiology. Am J Pathol 2015;185(4):888-96. 1031 
137. Morganti M, Carpi A, Nicolini A, Gorini I, Glaviano B, Fini M, Giavaresi G, 1032 
Mittermayer C, Giardino R. Atherosclerosis and cancer: common pathways on the 1033 
vascular endothelium. Biomed Pharmacother 2002;56(7):317-24. 1034 
138. Duffy MJ, Murray A, Synnott NC, O’Donovan N, Crown J. Vitamin D analogues: 1035 
Potential use in cancer treatment. Critical Reviews in Oncology / Hematology 1036 
2017;112:190-7. 1037 
139. Karantonis HC, Tsantila N, Stamatakis G, Samiotaki M, Panayotou G, Antonopoulou 1038 
S, Demopoulos CA. Bioactive polar lipids in olive oil, pomace and waste byproducts. 1039 
J Food Biochem 2008;32(4):443-59. 1040 
140. Sioriki E, Smith TK, Demopoulos CA, Zabetakis I. Structure and cardioprotective 1041 
activities of polar lipids of olive pomace, olive pomace-enriched fish feed and olive 1042 
pomace fed gilthead sea bream (Sparus aurata). Food Res Int 2016;83:143-51. 1043 
141. Tsoupras AB, Fragopoulou E, Iatrou C, Demopoulos CA. In vitro protective effects of 1044 
olive pomace polar lipids towards platelet activating factor metabolism in human 1045 
renal cells. Curr Top Nutraceutical Res 2011;9(3):105. 1046 
142. Castro-Gómez P, Rodríguez-Alcalá LM, Monteiro KM, Ruiz ALTG, Carvalho JE, 1047 
Fontecha J. Antiproliferative activity of buttermilk lipid fractions isolated using food 1048 
grade and non-food grade solvents on human cancer cell lines. Food Chem 1049 
2016;212:695-702. 1050 
143. Fukunaga K, Hossain Z, Takahashi K. Marine phosphatidylcholine suppresses 1,2-1051 
dimethylhydrazine-induced colon carcinogenesis in rats by inducing apoptosis. Nutr 1052 
Res 2008;28(9):635-40. 1053 
144. Dial EJ, Doyen JR, Lichtenberger LM. Phosphatidylcholine-associated nonsteroidal 1054 
anti-inflammatory drugs (NSAIDs) inhibit DNA synthesis and the growth of colon 1055 
cancer cells in vitro. Cancer Chemother Pharmacol 2006;57(3):295-300. 1056 
145. Tenta R, Fragopoulou E, Tsoukala M, Xanthopoulou M, Skyrianou M, Pratsinis H, 1057 
Kletsas D. Antiproliferative Effects of Red and White Wine Extracts in PC-3 Prostate 1058 
Cancer Cells. Nutr Cancer 2017;69(6):952-61. 1059 
146. Poutzalis S, Anastasiadou A, Nasopoulou C, Megalemou K, Sioriki E, Zabetakis I. 1060 
Evaluation of the in vitro anti-atherogenic activities of goat milk and goat dairy 1061 
products. Dairy Sci Technol 2016;96(3):317-27. 1062 
147. Tsorotioti SE, Nasopoulou C, Detopoulou M, Sioriki E, Demopoulos CA, Zabetakis I. 1063 
In vitro anti-atherogenic properties of traditional Greek cheese lipid fractions. Dairy 1064 
Sci Technol 2014;94(3):269-81. 1065 
148. Megalemou K, Sioriki E, Lordan R, Dermiki M, Nasopoulou C, Zabetakis I. 1066 
Evaluation of sensory and in vitro anti-thrombotic properties of traditional Greek 1067 
yogurts derived from different types of milk. Heliyon 2017;3(1):Article e00227. 1068 
149. Lordan R, Tsoupras A, Mitra B, Zabetakis I. Dairy fats and cardiovascular disease: 1069 
Do we really need to be concerned? Foods 2018;7(3):29. 1070 
150. Lordan R, Zabetakis I. Ovine and caprine lipids promoting cardiovascular health in 1071 
milk and its derivatives. Adv Dairy Res 2017;5(176). 1072 
151. Kuchta-Noctor AM, Murray BA, Stanton C, Devery R, Kelly PM. Anticancer 1073 
Activity of Buttermilk Against SW480 Colon Cancer Cells is Associated with 1074 
Caspase-Independent Cell Death and Attenuation of Wnt, Akt, and ERK Signaling. 1075 
Nutr Cancer 2016;68(7):1234-46. 1076 
36 
 Nutrition, PAF, infammation, and cancer 
152. Kuchta AM, Kelly PM, Stanton C, Devery RA. Milk fat globule membrane–a source 1077 
of polar lipids for colon health? A review. Int J Dairy Technol 2012;65(3):315-33. 1078 
153. Pralhada Rao R, Vaidyanathan N, Rengasamy M, Mammen Oommen A, Somaiya N, 1079 
Jagannath MR. Sphingolipid Metabolic Pathway: An Overview of Major Roles 1080 
Played in Human Diseases. J Lipids 2013;2013:12. 1081 
154. Zhang P, Li B, Gao S, Duan R-D. Dietary sphingomyelin inhibits colonic 1082 
tumorigenesis with an up-regulation of alkaline sphingomyelinase expression in ICR 1083 
mice. Anticancer Res 2008;28(6A):3631-5. 1084 
155. Schmelz EM, Dillehay DL, Webb SK, Reiter A, Adams J, Merrill AH, Jr. 1085 
Sphingomyelin consumption suppresses aberrant colonic crypt foci and increases the 1086 
proportion of adenomas versus adenocarcinomas in CF1 mice treated with 1,2-1087 
dimethylhydrazine: implications for dietary sphingolipids and colon carcinogenesis. 1088 
Cancer Res 1996;56(21):4936-41. 1089 
156. Rodríguez-Alcalá Luis M, Castro-Gómez MP, Pimentel Lígia L, Fontecha J. Milk fat 1090 
components with potential anticancer activity—a review. Biosci Rep 2017;37(6). 1091 
157. Berra B, Colombo I, Sottocornola E, Giacosa A. Dietary sphingolipids in colorectal 1092 
cancer prevention. Eur J Cancer Prev 2002;11(2):193-7. 1093 
158. Lemonnier LA, Dillehay DL, Vespremi MJ, Abrams J, Brody E, Schmelz EM. 1094 
Sphingomyelin in the suppression of colon tumors: prevention versus intervention. 1095 
Arch Biochem Biophys 2003;419(2):129-38. 1096 
159. García-Barros M, Coant N, Snider AJ. Sphingolipids in Intestinal Inflammation and 1097 
Tumorigenesis. Edtion ed. In: Yang VW, Bialkowska AB, eds. Intestinal 1098 
Tumorigenesis: Mechanisms of Development & Progression. Cham: Springer 1099 
International Publishing, 2015:257-86. 1100 
160. Patwardhan GA, Beverly LJ, Siskind LJ. Sphingolipids and mitochondrial apoptosis. 1101 
J Bioenerg Biomembr 2016;48(2):153-68. 1102 
161. Patwardhan GA, Liu Y-Y. Sphingolipids and expression regulation of genes in 1103 
cancer. Prog Lipid Res 2011;50(1):104-14. 1104 
162. El Baky HHA, El Baz FK, El Baroty GS, Asker MS, Ibrahim EA. Phospholipids of 1105 
some marine macroalgae: identification, antivirus, anticancer and antimicrobial 1106 
bioactivities. Pharm Chem 2014;6:370-82. 1107 
163. Sakakima Y, Hayakawa A, Nagasaka T, Nakao A. Prevention of 1108 
hepatocarcinogenesis with phosphatidylcholine and menaquinone-4: In vitro and in 1109 
vivo experiments. J Hepatol 2007;47(1):83-92. 1110 
164. Sakakima Y, Hayakawa A, Nakao A. Phosphatidylcholine induces growth inhibition 1111 
of hepatic cancer by apoptosis via death ligands. Hepatogastroenterology 1112 
2009;56(90):481-4. 1113 
165. Modrak DE, Cardillo TM, Newsome GA, Goldenberg DM, Gold DV. Synergistic 1114 
Interaction between Sphingomyelin and Gemcitabine Potentiates Ceramide-Mediated 1115 
Apoptosis in Pancreatic Cancer. Cancer Res 2004;64(22):8405-10. 1116 
166. Jansen M, Treutner K-H, Schmitz B, Otto J, Jansen PL, Neuss S, Schumpelick V. 1117 
Phospholipids reduce gastric cancer cell adhesion to extracellular matrix in vitro. 1118 
BMC Gastroenterol 2004;4(1):33. 1119 
167. Ferreira AK, Freitas VM, Levy D, Ruiz JLM, Bydlowski SP, Rici REG, Filho OMR, 1120 
Chierice GO, Maria DA. Anti-Angiogenic and Anti-Metastatic Activity of Synthetic 1121 
Phosphoethanolamine. PLoS One 2013;8(3):e57937. 1122 
168. Sugatani J, Fukazawa N, Ujihara K, Yoshinari K, Abe I, Noguchi H, Miwa M. Tea 1123 
Polyphenols Inhibit Acetyl-CoA:1-Alkyl-sn-Glycero-3-Phosphocholine 1124 
Acetyltransferase (a Key Enzyme in Platelet-Activating Factor Biosynthesis) and 1125 
37 
 Nutrition, PAF, infammation, and cancer 
Platelet-Activating Factor-Induced Platelet Aggregation. Int Arch Allergy Immunol 1126 
2004;134(1):17-28. 1127 
169. Shen J, Wilmot KA, Ghasemzadeh N, Molloy DL, Burkman G, Mekonnen G, 1128 
Gongora MC, Quyyumi AA, Sperling LS. Mediterranean Dietary Patterns and 1129 
Cardiovascular Health. Annu Rev Nutr 2015;35(1):425-49. 1130 
170. Rossi M, Turati F, Lagiou P, Trichopoulos D, Augustin LS, La Vecchia C, 1131 
Trichopoulou A. Mediterranean diet and glycaemic load in relation to incidence of 1132 
type 2 diabetes: results from the Greek cohort of the population-based European 1133 
Prospective Investigation into Cancer and Nutrition (EPIC). Diabetologia 1134 
2013;56(11):2405-13. 1135 
171. Misirli G, Benetou V, Lagiou P, Bamia C, Trichopoulos D, Trichopoulou A. Relation 1136 
of the Traditional Mediterranean Diet to Cerebrovascular Disease in a Mediterranean 1137 
Population. Am J Epidemiol 2012;176(12):1185-92. 1138 
172. Praud D, Bertuccio P, Bosetti C, Turati F, Ferraroni M, Vecchia C. Adherence to the 1139 
Mediterranean diet and gastric cancer risk in Italy. Int J Cancer 2014;134(12):2935-1140 
41. 1141 
173. Bosetti C, Gallus S, Trichopoulou A, Talamini R, Franceschi S, Negri E, La Vecchia 1142 
C. Influence of the Mediterranean Diet on the Risk of Cancers of the Upper 1143 
Aerodigestive Tract. Cancer Epidemiol Biomarkers Prev 2003;12(10):1091-4. 1144 
174. Mourouti N, Kontogianni MD, Papavagelis C, Plytzanopoulou P, Vassilakou T, 1145 
Malamos N, Linos A, Panagiotakos DB. Adherence to the Mediterranean Diet is 1146 
Associated With Lower Likelihood of Breast Cancer: A Case-Control Study. Nutr 1147 
Cancer 2014;66(5):810-7. 1148 
175. Castelló A, Pollán M, Buijsse B, Ruiz A, Casas AM, Baena-Cañada JM, Lope V, 1149 
Antolín S, Ramos M, Muñoz M, et al. Spanish Mediterranean diet and other dietary 1150 
patterns and breast cancer risk: case–control EpiGEICAM study. Br J Cancer 1151 
2014;111:1454. 1152 
176. Turati F, Carioli G, Bravi F, Ferraroni M, Serraino D, Montella M, Giacosa A, 1153 
Toffolutti F, Negri E, Levi F, et al. Mediterranean Diet and Breast Cancer Risk. 1154 
Nutrients 2018;10(3):326. 1155 
177. Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence to Mediterranean diet 1156 
and health status: meta-analysis. BMJ 2008;337. 1157 
178. Giacosa A, Barale R, Bavaresco L, Gatenby P, Gerbi V, Janssens J, Johnston B, Kas 1158 
K, La Vecchia C, Mainguet P. Cancer prevention in Europe: the Mediterranean diet as 1159 
a protective choice. Eur J Can Prev 2013;22(1):90-5. 1160 
179. Martínez-González MA, Guillén-Grima F, De Irala J, Ruíz-Canela M, Bes-Rastrollo 1161 
M, Beunza JJ, López del Burgo C, Toledo E, Carlos S, Sánchez-Villegas A. The 1162 
Mediterranean Diet Is Associated with a Reduction in Premature Mortality among 1163 
Middle-Aged Adults. J Nutr 2012;142(9):1672-8. 1164 
180. Detopoulou P, Fragopoulou E, Nomikos T, Yannakoulia M, Stamatakis G, 1165 
Panagiotakos DB, Antonopoulou S. The relation of diet with PAF and its metabolic 1166 
enzymes in healthy volunteers. Eur J Nutr 2015;54(1):25-34. 1167 
181. Antonopoulou S, Fragopoulou E, Karantonis HC, Mitsou E, Sitara M, Rementzis J, 1168 
Mourelatos A, Ginis A, Phenekos C. Effect of traditional Greek Mediterranean meals 1169 
on platelet aggregation in normal subjects and in patients with type 2 diabetes 1170 
mellitus. J Med Food 2006;9(3):356-62. 1171 
182. Zabetakis I. Marine oils: (from sea to pharmaceuticals): Nova Science, 2015. 1172 
183. Karantonis HC, Fragopoulou E, Antonopoulou S, Rementzis J, Phenekos C, 1173 
Demopoulos CA. Effect of fast-food Mediterranean-type diet on type 2 diabetics and 1174 
38 
 Nutrition, PAF, infammation, and cancer 
healthy human subjects’ platelet aggregation. Diabetes Res Clin Pract 2006;72(1):33-1175 
41. 1176 
184. Renzella J, Townsend N, Jewell J, J. B, Roberts N, Rayner M, Wickramasinghe K. 1177 
What national and subnational interventions and policies based on Mediterranean and 1178 
Nordic diets are recommended or implemented in the WHO European Region, and is 1179 
there evidence of effectiveness in reducing noncommunicable diseases? Copenhagen: 1180 
WHO Regional Office for Europe: World Health Organisation, 2018. 1181 
185. Schwingshackl L, Schwedhelm C, Galbete C, Hoffmann G. Adherence to 1182 
Mediterranean Diet and Risk of Cancer: An Updated Systematic Review and Meta-1183 
Analysis. Nutrients 2017;9(10):1063. 1184 
186. Dinu M, Pagliai G, Casini A, Sofi F. Mediterranean diet and multiple health 1185 
outcomes: an umbrella review of meta-analyses of observational studies and 1186 
randomised trials. Eur J Clin Nutr 2017;72:30. 1187 
187. Benetou V, Trichopoulou A, Orfanos P, Naska A, Lagiou P, Boffetta P, Trichopoulos 1188 
D. Conformity to traditional Mediterranean diet and cancer incidence: the Greek EPIC 1189 
cohort. Br J Cancer 2008;99:191. 1190 
188. Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health 1191 
status: an updated meta-analysis and a proposal for a literature-based adherence score. 1192 
Public Health Nutr 2014;17(12):2769-82. 1193 
189. Galland L. Diet and Inflammation. Nutr Clin Pract 2010;25(6):634-40. 1194 
190. Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, O’Keefe JH, 1195 
Brand-Miller J. Origins and evolution of the Western diet: health implications for the 1196 
21st century. Am J Clin Nutr 2005;81(2):341-54. 1197 
191. Fiolet T, Srour B, Sellem L, Kesse-Guyot E, Allès B, Méjean C, Deschasaux M, 1198 
Fassier P, Latino-Martel P, Beslay M, et al. Consumption of ultra-processed foods and 1199 
cancer risk: results from NutriNet-Santé prospective cohort. BMJ 2018;360. 1200 
192. McAfee AJ, McSorley EM, Cuskelly GJ, Moss BW, Wallace JM, Bonham MP, 1201 
Fearon AM. Red meat consumption: An overview of the risks and benefits. Meat Sci 1202 
2010;84(1):1-13. 1203 
193. Farinetti A, Zurlo V, Manenti A, Coppi F, Mattioli AV. Mediterranean diet and 1204 
colorectal cancer: A systematic review. Nutrition 2017;43-44(Supplement C):83-8. 1205 
194. Bussolati B, Russo S, Deambrosis I, Cantaluppi V, Volpe A, Ferrando U, Camussi G. 1206 
Expression of CD154 on renal cell carcinomas and effect on cell proliferation, 1207 
motility and platelet-activating factor synthesis. Int J Cancer 2002;100(6):654-61. 1208 
195. Panayiotou A, Samartzis D, Nomikos T, Fragopoulou E, Karantonis HC, Demopoulos 1209 
CA, Zabetakis I. Lipid fractions with aggregatory and antiaggregatory activity toward 1210 
platelets in fresh and fried cod (Gadus morhua):  correlation with platelet-activating 1211 
factor and atherogenesis. J Agric Food Chem 2000;48(12):6372-9. 1212 
196. Nasopoulou C, Psani E, Sioriki E, Demopoulos CA, Zabetakis I. Evaluation of 1213 
sensory and in vitro cardio protective properties of sardine (Sardina pilchardus): The 1214 
effect of grilling and brining. Food Nutr Sci 2013;4(09):940. 1215 
197. Sioriki E, Nasopoulou C, Demopoulos CA, Zabetakis I. Comparison of sensory and 1216 
cardioprotective properties of olive-pomace enriched and conventional gilthead sea 1217 
bream (Sparus aurata): The effect of grilling. J Aquat Food Prod Technol 1218 
2015;24(8):782-95. 1219 
198. Nomikos T, Karantonis HC, Skarvelis C, Demopoulos CA, Zabetakis I. 1220 
Antiatherogenic properties of lipid fractions of raw and fried fish. Food Chem 1221 
2006;96(1):29-35. 1222 
39 
 Nutrition, PAF, infammation, and cancer 
199. Rementzis J, Antonopoulou S, Argyropoulos D, Demopoulos CA. Biologically active 1223 
lipids from S. scombrus. Edtion ed. Platelet-Activating Factor and Related Lipid 1224 
Mediators 2 Boston, MA: Springer, 1996:65-72. 1225 
200. Tsoupras A, Lordan R, Demuru M, Shiels K, Saha SK, Nasopoulou C, Zabetakis I. 1226 
Structural elucidation of Irish organic farmed salmon (Salmo salar) polar lipids with 1227 
antithrombotic activities. Mar Drugs 2018;16(6):176. 1228 
201. Karantonis HC, Antonopoulou S, Perrea DN, Sokolis DP, Theocharis SE, Kavantzas 1229 
N, Iliopoulos DG, Demopoulos CA. In vivo antiatherogenic properties of olive oil and 1230 
its constituent lipid classes in hyperlipidemic rabbits. Nutr Metab Cardiovasc Dis 1231 
2006;16(3):174-85. 1232 
202. Tsantila N, Karantonis HC, Perrea DN, Theocharis SE, Iliopoulos DG, Iatrou C, 1233 
Antonopoulou S, Demopoulos CA. Atherosclerosis regression study in rabbits upon 1234 
olive pomace polar lipid extract administration. Nutr Metab Cardiovasc Dis 1235 
2010;20(10):740-7. 1236 
203. Poutzalis S, Lordan R, Nasopoulou C, Zabetakis I. Phospholipids of goat and sheep 1237 
origin: structural and functional studies. Small Rumin Res 2018;167:39-47. 1238 
204. Karantonis HC, Zabetakis I, Nomikos T, Demopoulos CA. Antiatherogenic properties 1239 
of lipid minor constituents from seed oils. J Sci Food Agric 2003;83(12):1192-204. 1240 
205. Nasopoulou C, Gogaki V, Panagopoulou E, Demopoulos C, Zabetakis I. Hen egg 1241 
yolk lipid fractions with antiatherogenic properties. Animal Sci J 2013;84(3):264-71. 1242 
206. Xanthopoulou MN, Kalathara K, Melachroinou S, Arampatzi-Menenakou K, 1243 
Antonopoulou S, Yannakoulia M, Fragopoulou E. Wine consumption reduced 1244 
postprandial platelet sensitivity against platelet activating factor in healthy men. Eur J 1245 
Nutr 2016:1-8. 1246 
207. Fragopoulou E, Antonopoulou S, Demopoulos CA. Biologically active lipids with 1247 
antiatherogenic properties from white wine and must. J Agric Food Chem 1248 
2002;50(9):2684-94. 1249 
208. Fragopoulou E, Nomikos T, Tsantila N, Mitropoulou A, Zabetakis I, Demopoulos 1250 
CA. Biological activity of total lipids from red and white wine/must. J Agric Food 1251 
Chem 2001;49(11):5186-93. 1252 
209. Fragopoulou E, Nomikos T, Antonopoulou S, Mitsopoulou CA, Demopoulos CA. 1253 
Separation of Biologically Active Lipids from Red Wine. J Agric Food Chem 1254 
2000;48(4):1234-8. 1255 
210. Koussissis SG, Semidalas CE, Hadzistavrou EC, Kalyvas VG, Antonopoulou S, 1256 
Demopoulos CA. PAF antagonists in foods: Isolation and identification of PAF 1257 
antagonists in honey and wax. Revue française des corps gras 1994;41(5-6):127-32. 1258 
211. Phillips C, Poyser N. Inhibition of platelet aggregation by onion extracts. Lancet 1259 
1978;311(8072):1051-2. 1260 
212. Lim H, Kubota K, Kobayashi A, Seki T, Ariga T. Inhibitory Effect of Sulfur-1261 
containing Compounds in Scorodocarpus borneensis Becc. on the Aggregation of 1262 
Rabbit Platelets. Biosci Biotechnol Biochem 1999;63(2):298-301. 1263 
213. Fragopoulou E, Detopoulou P, Nomikos T, Pliakis E, Panagiotakos DB, 1264 
Antonopoulou S. Mediterranean wild plants reduce postprandial platelet aggregation 1265 
in patients with metabolic syndrome. Metabolism 2012;61(3):325-34. 1266 
214. Fragopoulou E, Nomikos T, Karantonis HC, Apostolakis C, Pliakis E, Samiotaki M, 1267 
Panayotou G, Antonopoulou S. Biological Activity of Acetylated Phenolic 1268 
Compounds. J Agric Food Chem 2007;55(1):80-9. 1269 
215. Andrikopoulos NK, Antonopoulou S, Kaliora AC. Oleuropein Inhibits LDL 1270 
Oxidation Induced by Cooking Oil Frying By-products and Platelet Aggregation 1271 
Induced by Platelet-Activating Factor. LWT - Food Sci Technol 2002;35(6):479-84. 1272 
40 
 Nutrition, PAF, infammation, and cancer 
216. Balestrieri ML, Castaldo D, Balestrieri C, Quagliuolo L, Giovane A, Servillo L. 1273 
Modulation by flavonoids of PAF and related phospholipids in endothelial cells 1274 
during oxidative stress. J Lipid Res 2003;44(2):380-7. 1275 
217. Yanoshita R, Chang HW, Son KH, Kudo I, Samejima Y. Inhibition of lyso PAF 1276 
acetyltransferase activity by flavonoids. Inflamm Res 1996;45(11):546-9. 1277 
 1278 
 1279 
 1280 
 1281 
 1282 
 1283 
 1284 
 1285 
 1286 
 1287 
 1288 
 1289 
 1290 
 1291 
 1292 
 1293 
 1294 
 1295 
 1296 
 1297 
 1298 
 1299 
 1300 
 1301 
 1302 
 1303 
 1304 
41 
 Nutrition, PAF, infammation, and cancer 
Table 1: The role of PAF in various cancers. 1305 
Cancer Type Role of PAF and PAF-R 
 
Reference 
Breast cancer cells Increased PAF production and PAF-R expression promotes migration, 
proliferation of tumor cells, and neoangiogenesis 
 
(26, 54) 
Colon cancer PAF-AH and PLA2 are elevated in patients. Metastatic colon cancer 
cells exhibit elevated levels of PAF 
(71-73) 
   
Esophageal squamous cell 
carcinoma (ESCC) 
PAF-R is overexpressed in OSCC and correlated with malignancy. 
Lysophosphatidylcholine acyltransferase 1 overexpression promotes 
OSCC progression via enhanced biosynthesis of PAF 
 
(74, 75) 
Gastric Cancer PAF-R expression is increased in patients with gastric 
adenocarcinoma and is associated with higher tumor differentiation, 
smaller tumor size, absence of lymph node, and organ metastasis, 
and low tumor histopathological stage. Patients with elevated PAF-R 
expression have significantly longer survival times compared to 
those with low PAF-R expression 
 
(76) 
Hepatocellular carcinoma 
(HCC) 
Elevated levels of PAF and PAF-R involved in the angiogenic 
response in HCC 
(69) 
   
Lung cancer The role of PAF in lung cancer is not clear; PAF-R antagonists can 
augment tumor growth and lung cancer metastasis in a PAF-R-
dependent manner in murine models. In a double-blind study, 
nutritional status and inflammatory markers were improved in 40 
patients with stage III non-small cell lung cancer during 
multimodality treatment who had taken ω3 PUFA supplements. ω3 
PUFA supplementation may possess anti-cachectic effects and 
reduce inflammatory markers during chemotherapy treatment of 
advanced inoperable non-small-cell lung cancer 
 
(93, 130, 131) 
Pancreatic cancer PAF overexpression in pancreatic cancer leads to cell proliferation 
and tumourigenesis through MAPK signaling 
 
(70) 
Renal cell carcinoma 
(RCC) 
CD154-induced PAF production and PAF-R expression stimulate 
cell proliferation motility, growth, and dissemination of RCC 
 
(194) 
Skin Cancers - melanoma and 
non-melanoma 
PAF and PAF-like lipids are produced by epidermal keratinocytes in 
response to UVB radiation and are linked to UVB-induced systemic 
immune suppression. PAF synthesis is enhanced by the 
overexpression of the PAF-R 
 
(35, 84-86, 90) 
1 
HCC, hepatocellular carcinoma; ESCC, esophageal squamous cell carcinoma; PAF, platelet-activating 1306 
 factor; PAF-AH, platelet-activating factor acetylhydrolase; PAF-R, platelet-activating factor-receptor; 1307 
 PLA2, phospholipase A2; PUFA, polyunsaturated fatty acids; RCC, renal cell carcinoma  1308 
 1309 
 1310 
 1311 
 1312 
 1313 
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Table 2: Studies examining the anti-PAF activities of whole foods and polar lipid extracts in 1314 
the Mediterranean diet. 1315 
Studied Food and Components Study Type Results 
 
PL of fish (Cod, coley, haddock, 
mackerel, salmon, sardines, seabass, and 
seabream) 
 
In vitro studies in WRP, 
hPRP, and HMCs 
Ex vivo studies in hPRP 
In vivo studies in 
hyperlipidemic rabbits 
 
Inhibition of PAF-PA  
Modulation of PAF metabolism towards reduced 
PAF levels and reduction of atherosclerotic lesions in 
hypercholesterolaemic rabbits (51, 140, 195-200) 
 
 
 
PL of olive oil and olive pomace 
 
 
In vitro studies in WRP 
and HMCs  
In vivo studies in 
hyperlipidemic rabbits 
 
 
 
Inhibition of PAF-PA  
Modulation of PAF metabolism towards reduced 
PAF levels and reduction of atherosclerotic lesions in 
hypercholesterolaemic rabbits and regression of 
existing lesions (201, 202) 
 
PL of dairy products In vitro studies in WRP 
and hPRP 
 
Inhibition of PAF-PA (146-148) 
 
PL of goat and sheep meat Ex vivo studies in hPRP Inhibition of PAF-PA (203) 
PL of seed oils (corn, sesame oil, 
sunflower oil) 
 
In vitro studies in WRP Inhibition of PAF-PA (204) 
 
PL of hen eggs In vitro studies in WRP Inhibition of PAF-PA (205) 
 
PL of red and white wine, musts, grape 
skins, and yeast 
In vitro studies in WRP 
and U937 macrophages 
Postprandial dietary 
intervention studies in 
humans 
Ex vivo studies in hPRP 
 
 
Inhibition of PAF-PA 
Modulation of PAF metabolism towards reduced 
PAF levels (99, 100, 206-209) 
 
PL of honey  In vitro studies in WRP Inhibition of PAF-PA (210) 
 
EOE of garlic & onion  In vitro studies in WRP Inhibition of PAF-PA (211, 212) 
 
Wild plants of the Mediterranean diet 
(Reichardia picroides, Cynara 
cardunculus, Urospermum picroides, and 
Chrysanthemum coronarium)  
 
In vitro studies in WRP 
Postprandial dietary 
intervention studies in 
humans 
Reduced postprandial platelet hyperaggregability of 
metabolic syndrome patients 
Inhibition of PAF-PA ex vivo 
Inhibition of PAF-PA in vitro (213) 
Compounds of the Mediterranean diet 
found in oils, herbs, spices, tea, wine, 
etc. (PL, hesperidin, luteolin, naringin, 
oleic acid, oleuropein, 
proanthocyanidins, quercetin, resveratrol, 
tyrosol) 
In vitro studies in WRP 
and hPRP 
In vitro and in vivo 
studies on various cells 
Ex vivo studies in hPRP 
Postprandial dietary 
intervention studies in 
humans 
 
Inhibition of PAF-PA (214, 215) 
Modulation of PAF metabolism towards reduced 
PAF levels (168, 216, 217) 
1 EOE, essential oil extract; HMCs, human mesangial cells; hPRP, human platelet-rich plasma; PA, platelet 1316 
aggregation; PAF, platelet-activating factor; PL, polar lipids; WRP, washed rabbit platelets 1317 
 1318 
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List of Figure Legends:  1319 
 1320 
Figure 1: The structure of platelet-activating factor.  1321 
 1322 
Figure 2: The remodeling pathway of PAF and lyso-PAF biosynthesis. PAF-AH converts 1323 
active PAF to the inactive lyso-PAF by the loss of an acetate group at the sn-2 position. Lyso-1324 
PAF AT converts lyso-PAF back to the active PAF by the reincorporation of an acetate back 1325 
to the sn-2 position. Acetyl-CoA, acetyl coenzyme A; AT, acetyltransferase; Lyso-PAF, lyso-1326 
platelet-activating factor; PAF, platelet-activating factor; PAF-AH, platelet-activating factor 1327 
acetylhydrolase. 1328 
 1329 
Figure 3: A schematic of the key biological events surrounding PAF-induced inflammation in 1330 
the tumor microenvironment, angiogenesis, and metastasis. These biological events are 1331 
inextricably linked and exacerbate in inflammatory conditions. aFGF, acidic fibroblast growth 1332 
factor; bFGF, basic fibroblast growth factor; COX-2, cyclooxygenase-2; HGF, hepatocyte 1333 
growth factor; ICAM-1, intercellular adhesion molecule-1; IGF-1, insulin-like growth factor 1334 
1; iNOS, inducible nitric oxide synthase; MCP-1, monocyte chemoattractant protein-1 ; MIP-1335 
1α, macrophage inflammatory protein; MMPs, matrix metalloproteinases; PAF, platelet-1336 
activating factor; PAF-R, platelet-activating factor-receptor; PDGE, platelet-derived growth 1337 
factor; ROS, reactive oxygen species; RNS, reactive nitrogen species; VCAM, vascular call 1338 
adhesion molecule; VEGF, vascular endothelial growth factor. 1339 
 1340 
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